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Foreword I

'The International Conference on Informatics and Industrial Devclopment, held in
Dublin from 9 to 13 March 1981, was the first international meeting on this
subject and had the great merit of raising a series of issues concerning both the
applications of informatics to industry and the development of the informatics
industrN, itself. The need for further in-depth research was also stressed.

The keynote of the debates concerned the effective transfer of technology to
developing countries as an important element in the whole development process.
considering all the relevant aspects and showing to the organi/ations invol\ed the
importance of this issue and the need to emphasize and expand their activitics of
assistance to developing countries.

The conference dealt with subjects of great importance to developing coun-

tries and will surely constitute one of the main contributions to the preparatory
work of the IBI SPIN II Conference on Strategies and Policies for Informatics.

F.A. Bernasconi
)ircct or (;'ral

Rome. 1982 Intergovernmental Bureau for Informatics (IBI)

xi



Foreword 11

Information technology is in at state (if dyn amic growth and the Dublin
Conference onl Intormiatics and Industrial D)evelopment. held 9- 13 March I 9S).
has hiehlighted the Importance dcLleoping ccountries attach to this development
which is to ha~ e substantial influence on their industrial development strategies. It
has also been noted in the C onference that action must be initiated by the
developing~ Count ries to build the technical capacity to benefit from the recent
advances 'in this area. AccordingINh UNIDO) intends to pursue at programme
of action in this field.

A signattrv to the D~eclarat ion of Niesico onl Informatics, Deielopment and
'cacin tl une J NI. t.'NID " () sill co-operate with the Intergovernmental Bureau

for Informatics and oither U. N organi/ations on the forthcoming World ('on-
ference onl Strategcs and Policies for Informatics (SPIN 11). These proceedingis
will. I hope. pro\ ide valuable material for the preparator\ actis ities for this
Conference.

.Xbd-el Rabman Khane

I nicd '~atons nduta IXve Dl~it,(lt

VielOpla. AICI )'9S2 ( )reani,;ttionl J, NIDI))



Pref ace

'I'M I I I RNA I 1s)Nt (' s[Ii i(* RsOn Informatics and Industrial lDc\ clopmicnt. held
in Trinity College. Dublin, 9- 13 March I981 was attended h\ some 130) parti-
cipants. coming from 45 count ries (mlostl\ de~cdoping countries)I and from 1)
international orgainjiations. There was, also a balance in the speakcrs bectwcn
industrialised and decl oping countries. As may tic sccn fromi t he list of parti
ci pan ts (Appendix ). these included manyv pro~min en t a ith lit nics. so thiiat t h
deliberations reflect the most Current thijnkj.ng onl the impact oif inforniatics onl the
indust riahisat ion of the developing countries.

Sponsored jointly bN the fntergovernniental Buoreau h ir Informiat ics (IM)l . the
United Nations Industrial Developmecnt O rgzanisation (U.NIDOX) and Inforniat icI
pour les Tiers Mondes (ITMI and organised by the Sxstemns lDex lopment
Programime ofTint Cllege D~ublin and thle Irish Natioiial Board for Science
and Technology, it was felt that the selected themne wkas timeily and. inl \iex, of
Ireland's very recently devecloped stratev, for informiatics technology and her nx
rapidly growing electronics indust ry. that the location was appropriate.

Within the industrialisedI Countries there has been a growngi Consciousness of

tiny' share of the tech nological capacity and industrial potential in this vital field.
It is hoped that these Proceedings wvill contribute to thle development oft opera-
tional strategies for the informiatisation of the V-hird World.

The oirganisers thank the Minister for Foreigin AtTairs (if Irelaiid for his

patronage (of the Conference. The orizanisers; are vr prcaieo h upr
received from the intertiationtal atid Irish sponsors and of the liely persoiial
interest demonstrated by their representatives. They' also wish to thank all those
who participated so fully arid enthusiastically iii the Conference: aiid hope that
they can he involved ats fully as possible 'ii whatever follow-up actions are
eventually identified and decided upoii.

F. Gordon Foster IDiarmuid Murphy

xiii



Introduction

What is Informatics?

Rather than start with a definition let us first consider the objective of this book.
Over the last quarter of a century a new, powerful and integrative technology.
based on microelectronics, has been created that has revolutionised the handling
of information, and this technology is still in the process of rapid development.
We are here concerned specifically with its impact on industry, with special
reference to industrial development in the Third World.

Let us set this in perspective. In the first phase of the development of the new
information handling technology, starting in the late 1940s. computers were used.
almost exclusively, for scientific calculation. The impact was felt in the natural
sciences, where new advances were made possible by the then, relatively, huge
increase in computing power that became for the first time available. A decade
later, and continuing to the present. applications of computers began to be made
as integral components of organisational systems for information and control
purposes in the pursuit of productivity and economic growth. In the early days
only the largest organisations could afford to operate a computer. More recently.
dramatic decreases, both in unit cost and in actual size of components. coupled
with increased flexibility in handling have brought computing power to even very
small scale enterprises.

The general trend does not stop there. In the industrialised countries the
impact of computerisation, or informatisation as it is also being called, is now felt
not just within organisations but by society itself. The systems supporting modern
society are increasingly computer-based and this is affecting the ways in which
society is evolving. It is being said that the final phase of informatisation is now
just commencing, in which the impact will be on the individual for whom
information technology is creating new potenialities for self-realisation.

The informatisation of industry may therefore be regarded as but one aspect
of a broader socio-economic development. It is convenient to use the term



INI ()R%.% I fts 1,xNi) SiM NI Ri 'ki D1 % Ii tI i S\f I

infOrmati.x ito refer to this whole pheiiorneiion that is largely based oilttle

inifo rmiat ion h and!li ng tech ii iotn. The t ermn also conniiot es the anal vsi s arid for-
in u Iation (if niat io nal and ilterniat ion a! strategies and( policies fo r iiiform at isat it ii

As in the case of other techlicealI frontiers. iniformnat ion t eeh nloIgy hats a
niaissix e dual potenitial I-oth for dest ructioin aiid for peaceful uses. Other tech -
iiolt ics h axe exStended mian mi\iiu sculjar poiwer aniid in ipu Iatkie abhi!lities, lire
deep significane of the integrated infornmationi handling technology of compurers.
comniiiuciationis and conitrol is that it extends his ilerytus systeni and his brajin.
011Nl. Illiars w&ill anid creative imagination call restrict the pervaskxetiess of its
applicationis iii tilie suipport of ecorion1lie. Social arid] perIsona Ll vlopment.

Informatics and the Third World

Turriing to thle prtiblemis of thle Third World which pose such t t rermeridous

challenge. aiid] which on lv radicalkI iiinoxuti xe anid Lire n c mnt ituta a pproachies
haxe any\ htp ftuhig alw propose that this rex olutionarl, ilewxtcnl
really does provxide it shtirt -c Lt to StCio-ecCooniiC dexve lopmn iit or is it juLst
anitither miystification? To exanmine this question inl depth rlani, coinlpies issues
miust be confronted. For the Third Wo'rld. inidustrial development is at prioritv.
Studies are revealing that iiiforiiiatics will profoundly affect the productix e
infrastructure and the interniatioinal division of lahour. Ptlicv oiptionis for iii-
dust rialisation are narroiwed. A re-coriceptualisatitn of deeltiprierit strategies is
req~uired. Develoipirig coulntries muitst iiot nierel, reproduce what the indlustrialised
North has done but base their actioirs on aii assessnment of long-term etiniparar ie
advantages.

Scope of the Book

lii this hotok an attemlpt is rmade tol cover- Alflte issues, ill anl esaIrliliationl of

the opportunities and threats. constraints and] the necessarv national infrastruc-
tures relating to the informatisation of industry in developing Countries.

Perhaps the niost significanit conitrast that canl lie drawn bct\; eenl the ill-

dlust rial ised North arid thle develtpiuig South is thait between iniforrriationr-rich anid
iriforniation-poor COninunlities. Information is seen to be at *commlodit\' of crucial
impoirtance in development. Techniology transfer is therefore at basic issue.
National. regional and international organisatiouns have at key role to play, iii this
area and their activities are described. This leads on to at presentation of thle
variety oif ways of making informuiation for industrial dieltpirit axailable to
agencies and enterprises requiring it. The distinctioti is made between the needs
(if those engaged in research arid development (R & D)i and in industrial planning and
investment. Only knowledge relevant to the needs and the level oif understanding of
the user will be utilised. It is not sufficient just to set up information svstems: at
determined and sustained effort must be mounted to 'market* information.
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Since the informatic hardware industry now ranks in size with energy and
transportation, it must itself be a subject of study as a sector of industr'. How
they can participate in this industry is therefore an issue of major interest to
policy makers in developing countries. The policy options. preconditions and
constraints relating to an indigenisation strategy are therefore examined.

The necessary infrastructures to support organic and self-sustaining growth
are examined, with particular reference to education and training. telecom-
munications. research and development (R & D) and institutional arrangements.

The potential economic effects on productivity and employment are of major
concern and this issue is taken up in regard to both the informatic hardware
industrv and informatisation of other sectors.

A number of surveys and case studies are presented, both of advanced
applications and applications in smaller enterprises. These studies, ranging from
real-time production control to the use of personal computers but with the main
emphasis on applications in developing countries, provide an opportunity to gaugc
the pulse of actual industrial des lopment.

The conclusions and recommendations of the four workshop sessions that
were held during the Conference are presented and the Conference opening and
closing addresses comprise the first and last sections of the book.

Sunmary

What emerges mas be briefl\ summarised as follos. Informatics hits im-
i1ense potential but in de\eloping countries scvere structural and cultural con-
sitraints hinder the effective implementation of esen the simplest applications.
)cseloping countries are heterogeneous and the circumstances of each will need

to be separatcl% considered. Spwcilic pilot projects and case studies and the
diftlusim of informalion on them are urgently required.

lhe problems arc particularly acute because information technology is the
prini e\ample of a systems technology which onl, works effectively %%hen man\
interacting conponents. people and hardware. are brought ino harmonious
rclalitonship.

Mechanistic 'solutions' to poorly understood problems must be a\soided.
F dueation and training have the Highest priority and an effecti\e informatics
policy will he people-oriented: one that seeks to improve existing skills rather
than replace them.

T[he question remains whether fundamentally new insights are still required
for the promotion of economic growth. The concept of an organising principle
referred to as "social intelligence" in the paper by Professor Dedijer must surel\
be pointing in the right direction.

L



Introductory Statements

Address by the Minister for Foreign Affairs of Ireland,
Mr. Brian Lenihan

I WOULD LIKE to congratulate the organisers of the conference, the National Board
for Science and Technology (NBST) and the Systems Development Programme of
Trinity College Dublin. The sponsorship has been undertaken by the United
Nations Industrial Development Organisation and the Intergovernmental Bureau
for Informatics. I am associated with the Conference as patron and in this capacity
congratulate the organisers and the sponsors.

I hope that this Conference will be just the first in a series under the general
title of "Dublin Conference on Development" to be devoted to a variety of
development issues of interest to the developing world. In a highly technological
world where not only access to and acquisition of technical and other information.
but also its management and effective utilisation are important factors in
development, it is essential that developing countries get into a position where
they can develop their industria' capabilities based on sound knowledge of what is
available and how it can be applied effectively, also how it can be applied
rationally to meet their own development needs.

On a different level the conference is also significant in that it provides an
excellent example of the kind of concrete follow-up action which can and indeed
should be taken in response to resolutions which have been adopted at various
important conferences held during the past few years within the UN framework.
Reference might be made in this connection to two conferences held in I'979-the
UN Conference on Science and Technology for Development. UNCSTD, and the
Intergovernmental Conference on Scientific and Technological Information for
Development. UNISIST. held under the aegis of UNESCO. Both these con-
ferences highlighted in particular the need for better access for developing
countries to information sources and technical know-how, as well as for greater
international co-operation in the exchange and transfer of information as a means
to assisting developing countries to realise their development potential. I am

B
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confident that this conference will succeed in a concrete and practical way towards
meeting some of these objectives.

A message by the executive director of UNIDO, Dr. Abd-el Rahman Khane.
to me to mark the conference, expresses his hope that the conference will identif\
concrete ways and means by which the wealth of information available in the
world can be harnessed for the accelerated industrialisation of the developing
world. UNIDO. as you are aware, has been involved since its inception as the
United Nations organisation responsible for co-ordinating assistance wvithin the
IN system in the field of industrial development, in industrial and technological
information activities, and this particular function has been further strengthened
by the establishment a few years ago of a scientific and technological information
bank within UNIDO. Thus UNID() looks forward, as we all do. to the results, of
the conference as an input to further efforts in this field both by UNIDO itself and
by others at national and international levels.

There is one area which I feel deserves mention in being essential to the
effective utilisation of informatics. and that is the one of human resources
development. This particular area. when coupled \fith the dC\elopIent of ap-
propriate physical infrastructures. is an area, in m\ \iew, of \ital importance. not
onl\ in relation to the field of informatics and ildustrial de,,clopument but to
national development as a whole. For this reason, we here in Ireland. where wve
have our own development co-operation efforts, have alwavs placed strong
emphasis on the drawing and transfer of technical expertise from our own pool of
experience. as well as training the hunman Tesources potential of those coutntries to
which we lend help.

In conclusion I would like again to thank the organisations. to whom I ha e
referred, responsible for organising this conference. and to thank the UNII)O and
the 1131 as well who have been associated with them in this matter. It is an
excellent sign of the proper approach in my view. to these matters, that we have
the state sponsored agency of the NBST working in conjunction with one of our
major educational and universitv establishments. Trinity College. and their S\s-
tems Development Programme. in taking this initiative. It is a most useful forun.
in my view, for a practical in depth examination of the issues involved and II
almost certainly result in the practical identification of concrete action for (lie
future. That is the main thrust of this conference, a thrust that I hope will bring
together much of the information to secure a degree of co-ordination that can give
positive recommendations for action in the future. Therefore in association wxith
Dr. Khane. Executive Director of UNII)O. I wish you cvcr\ success in Nour
deliberations.

Professor Bernasconi, Director General, Intergovernmental Bureau for
Informatics (Delivered in his absence by Mr. F. Piera Gonie,)

Informatics, handicraft yesterday, science today, must be considered as one
of the essential tools that man has at his disposal to reach levels that otherwise
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would be unattainable. Informatics is a new language that must be mastered. It is
necessary to learn how to speak, read and write it, as it has shown itself to he a
critical factor in the development process. Hence the need for all countries to
learn zhis language, and IBi is conducting this familiarisation campaign which is
too important to be left only to the technicians. In parts of the world. society is in
the midst of a measure of transition recasting it into an age of cybernetic
dimensions. In the less developed parts of the world major transitions are also
occurring, taking a slower pace to work out alternative futures. In this new area
computers will be even more closely united and integrated into things thus
atTecting and transforming much of the technological fabric of society, changing

plunging society deeper into a further evolution. This area comes about through
the incorporation of microcomputer-like devices into machines making ihe
resulting devices increasingly intelligent. In turn, society will speed even more
rapidly into this new age through the rapid adoption of these devices. The newA
intellectual framework now developing to complement and supplement the
mechanistic and rationalistic doctrines of the analytic modes of thougfit are
deductions of teleology and synthesis. This concept includes the frameworks of
choice. goals, the anticipatory sciences. participatory government, cybernetics.
systems, etc.

The primary mode of thinking points towards the diffusion of sciences. arts
and humanities, together with technology. sociology, economics, politics and
culture, and quickly evolves into a multidisciplinary. interdisciplinary, and trans-
disciplinary system. A common threat to most however, is that informatisation. to
a great extent, will take over the task of physical labour. The new work roles for
people in this new age appear to be diverted away from laborious and hazardous
tasks, tasks of monolony and rote, tasks which chain people to machine, and the
like. Efforts to make machines more humanistic and to amplify human capabilities
are strong trends occurring at present and will certainly evolve and expand in the
future. The extent to which people/machine symbiosis will evolve is almost
unlimited in a service oriented future as machines become more intelligent. As a
result the national definition of work will undergo considerable change and most
people will have a multiplicity of careers throughout their lifetime, requiring a
life-long approach and dedication to education. The concepts of life-long learning
will of necessity be merged and incorporated into new forms of work. both work
and leisure time activities. And so education may well become an integral part of
everyone's daily life style.

This conference is the first that has been convened to deal with an integral
approach, with the promise of industrial development through informatics and of
informatics, two subsets of a larger set of objectives. IBI is already working on the
preparation of the Second Inter-Governmental Conference on the Strategies and
Policies for Informatics. SPIN II. which will be held in Havana in the Spring of
1983. Its scope is the informatisation of emerging nations. The results of the
conference which is starting today will be of great importance in the preparation
of SPIN II and of its objectives. These are the reasons why the IBI has actively
supported this conference.
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Dr. G.S. Gouri, UNIDO

It is indeed a great pleasure and a privilege for us in LINII)() to be associated
with this most important timely conference. It has been said that we are in the

midst of the second industrial revolution. The technological breakthroughs that
have occurred and that will be occurring in the next live or ten years in a sense
will greatly transform the present industrial structure, the present distribution and
location of industries. It has also been said that this rate of change. in fact, will be
so quick that it is very necessary to prepare oneself and to see that there is not
only a partnership it this great change but also to meet the challenge that is in
front of us. It is in this connection that we have been greatly honoured to be
associated with this conference as microelectronics is the subject of a major focus
in our technology programme.

When studying and monitoring the technologv reakthroughs. which UNIDO
is currently doing, in the field of genetic engineering, microelectronics. petro-
chemicals and other related technologies, machine tools, lighter than air tech-
nologies. it is seen that the field of microelectronics, in a sense. cuts across all
these and is not only interacting but is contributing to all these developmlents.
Conscqucntly the entire question of the application of microelectronics, in-
formatics and information, is of great importance. I am sure that this conference
will indeed answer a number of questions. One question. of course, to be
considered is the rate of application and the policies of developing countries to

the adoption of this technology. Should the discussion be closely related to the
aggravation of employment aspects in the developing countries if microelectronics
are introduced into the economy? What is the trade-off between productivity
benefits in the short and long-term and the unemployment effects'.' What are the
possibilities of increasing employment in the downstream industries, such as
consumer products, audio industry, simple process control and so on? These. I am
sure. will receive very detailed attention by all of you.

KEYNOTE ADDRESS: PRESENT SIGNIFICANCE AND FUTURE
PROSPECTS OF INFORMATICS

Dr. I.H. Abdel Rahman, Special Advisor to the President of Egypt

Introduction

Recent scientifically based major technological developments have been
more concentrated in fewer countries, and within those countries, in even fewer
institutions. Informatics is no exception in this respect. The concentration of
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development. as a result of intensive research and high risk investment, results in
efforts to promote the technology in the form of new product development.
servicing its users, and licensing to other manufacturers. The terms and conditions
of promotion vary according to the competitive situation, market potential, and
speed of obsolescence and speed of innovation. The rapid developments in
computers. since they emerged commercially in the early 195)'s have led to
successive 'generations' of these computers with considerable improvements in
cost, efficiency and capacity. With the development of integrated circuits and
microprocessors. further technological advances in the coming years may be
mainly in the exploitation of those important core units and the equipment built
around them. These pieces of equipment include memories, inputs, outputs.
terminals, as well as the telecommunication infrastructure to assemble and
distribute information between widely separated points. It has heen generally
recognised that developments in hardware have been accomplished relatively
ahead of the software development necessary for optimum utilisation. and hence
the marketed hardware may not exactly correspond to the appropriate real
possible utilisation, resulting in less benefit accruing from the information content
carried by the hardware facilities. The marketing techniques of offering attractive
rental rates, facilities for training, software supplies and stimulated upgrading
have helped to develop the informatics industry, and expand its economic size to
become the fastest growing industry during the last few vcars and. in absolute
magnitude of sales, to reach a very advanced order in the world in the next fek
years. if it has not already done so.

T'1e whole world seems to need a breathing space of a few years to
consolidate the rapid core technological advances already realised, and to
examine more systematically the impact of. and prospects for its widespread and
persuasive applications in a variety of fields and countries. The marketing drives
of the sellers are not likely to relent, since they arc driven under competition b
the urgency to recuperate the heavy past investments in the shortest possible time.
before their wares become themselves out-paced by the innovations realised
through the succeeding current investments. This is a feverish situation, in which
not only business corporations have been drawn, but also governments and public
institutions. No one has time to wait until the dust of the storm settles, so as to see
clearly. These remarks are preliminary and general in nature, and subsequent
more specialised speakers at this conference will undoubtedly confirm or refute
the general import of this statement.

Hardware Industry

Next we may, however, examine for a moment whether the developing
countries, and for this matter, all countries with no major hardware informatic
sector, will have a chance for a share in this growing industry, which requires
world wide markets. Historical precedents of diffusion of manufacturing capacities

1I
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of products of other technologies Ina% be helpful but not1 concIlusis ill this, ease,
WC would not be concerned here 'Nkith the period beis\ cen innos at ion and
application, which has, been extremecls short in the case of inrformration equipicit.
as compared. foi- exaniple. ito nuclea'r cnergs. radar, or thle reles ant branches of
bio-tcchnologN. We are. rat hcr. contemplatting thle possible spreading of thle
mian ufact urinrg capacities of the( ditferent components related ito inforniatics arnd
telemnatics in other des eloped and des eloping countries. especciall\ those ii s h ich
miarketirrg potcitial e-kists.

[-or argutrierit's sake, let Lus assurire1 that COnerICCe11d ( I(s errurenis, Itas st -
ablish. in consultation mith industr\. a numberhC Of policies aIld guidelines. %khich
w rul I lad ito securitig for their count ries a fair share of iridust rx. cormpatible s% ith
their industrial capaMcities and the si/e of their prospeetis c rmarket . The ptrssilelo
ad artees inl iformnatics rnlaxI be allplid toa0 o such dceitraljiatitrri Of
production without loss Of qIualit or ctficice". I'lhe recipient countries cannot
deIns' themcnselves the henetits of .the lics" irifornmatie applications, arid should riot.
ort the other hand, lose the opporturrit% of' has ing a reasonable share of
experierice arid comipetence. ()Ill% thle relatisels ads ariced des eloping Countries
arc likel% to haveC a chance to ,LICCCL Inl thIiis di reeltion. This is a second question.
which tnav bie discussed in the next fe)s% das s in the conference. Historical
experietnce w.ith other technologies Suich a% as at ion, miotor ear iridustr\. arnd
commutnication equipment Ilri\ be helpful. but du]Le a11t42ni11ori should be gJseri to
the specific characteristics of thle inforrmatics hardware industry.

Software Industri

IfardwA~are now represents about half the costs of an ini'orrniatics project.
excluding the mn inall\xq Ia tileh chianntelIs of telecormmn riicat in. This shiare is
likely to be reduced in the next fesy \ears to about tine third or less. There are two
mitn reasons for these expected changes. namnely arri expected increase nif softskare
costs, and the further reduction of cotmpetitive hardwvare prices, due to mlore
streamlined techniques of production and larger output. Actually software mia\ be
considered to be relatively lagging. and hence it mia\ be a good area for further
expansion and improvement. Here is a chance for the non-nman ufact uring couri-
tries, ito invest in training and software development, first for their own1 use, arid
second for the use of oither neighbouring coiuntries. It was reported at few %-ears
ago that the United Kingdom was a good source (if software, wvith at share miuch
larger than in the case (if hardw-are. Some oif the large producers tic sNiftssare
partially or totally to design features in the hardware they produce. Suich a
tendencv should he discouraged. Eventuailly the users itt all counitries tlia\ comre
together and express their preference for certain codes of tuariufactutre arid
software development. A feedback signal from the market ma\ be sufficietit)
warn against such monopolistic tcndencies which are starting to appear.
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Frairned Pe~rsonnel

A* mnajor pallt of iiiforntatic, is based oil Intellectuail tedhirioog it( Coni-

Nequeict1%. ,linpime~r il ih the niccsiiax trainLc is a crucial clemeint (it

pairamouniiit iitpiirtaiice. ejiccialli, for thoise prepairinii nd L1siiii.! ,ofm ~arc and
their collaborator, Ihise Cers,ons, IIncLudC progriamime deoginer,,xsc pro-

CLrztlliiilcr,. dallx as.i~i~ ha isc d itmiirs. ConltrOllCr, andh aifilinistraltiis, Ill ld1

littoli iii tilecni iC b ashic c c s!ni in pcirat iol ins rc c r mat tic iiialtica id 1!c

anld scientific niaaCiilvint. Iherc is at high demntid for traiiid people cx cri

"~here. a larg:c pcrsiitnncl turnox cr. much licad huiig, and a %cr% sNhot period of
ohsliileCsCicc. Yet tile dCSi~copili coCiuntries mlat, wrioi, Coo~der cstahihiNhm. it

iclitix clt lotix, cost anid lariec hCnICtit. it x Cl L tlilifCd and a,.6IC corps tit trained
o arc pCrsoiiiwi. IFils fmax] lc oine of tire fc%% area,, tin %% ich~ tile\ ca dx \,11icc

*ippreciailx qtiick1% and CiCIpl\ an1d hlCnLCc 11A\ dC5Cl\ C 1111011t), ii(ClItiOt I Ilk-'L.

coInsILdcrations maxk he C\,11ni11142d in! cstahlishliiic a ittiollal polici, for (tic pio
cciicltl anid Iicliisi. of intorilatic prijctk Special traimitl faicilities %% ill lie

rcqired a part fromi i nrmal It C ua io i all d lniS Cr51 i ' ciiic TCIhe C ci t (it the

highl% skilled persoinnel required for inforniatic projects inl dcx dopin! c'Otiltric'
rna reach tip to So) percent of thc total costs of installatlion (ecltiding the ruinnint
costs. dtifrii tile lifetime of the facilit\ ) ats Comtpared with the ax cragic tit

perceint menit ioiied hcforc. Because of hcavx handed miarket ing piroccdurcs. the
dCCcOpinc coiuitrics arC li kcl\ to iwcr in' st in hardx.karc, and thtis umiciutiiC
file potential capacities tire *I acquire. Fihe stipplielr. in their tun. tiltx uS crxII
package"s if s"i ft Waic w\%[rich arc rioit hi lix tocted. an hei icnce tice add it io nal t inic alld

cost (If dC -1111.ijgu itilad Stlrca ili li ii ! Su tch pack ags. in c r aniid a hi xc tice vio ria

rcitnrcmciits ofi maiiitenaince and rcpair.

I'1Eplomi Effects of Informattics

Mchlaiiicil and electric equiipmnlit, froni tile point of x icxx of manning skill,.
armplitics the poimwcr of thc nmuscics of mian . Autiomatio'n did redtice tire iiccd lt
CiintIiitiiius attention anld judgemeint b.\ operators iii inism~r and iither actin tcs.
It is now said that the tic\% information revolution takes over some (if niot all) of
ttic thiikiiig rc(Inirciuciits. If soth ilc c iof skill of operaitors, iii iiantiftclin 'In
industies malt tic rCdliced. With increasing depetndenice un thc 'thinking'
imachlinei c Ill in cicli c \% ill lie li ticli last Cr. anitd mio re prcc os thIm the hiurriani
opceratoi r it re places. icincc a lilix clc!ri n ica lix eq uipped prioduct io n faci litx -

"OiliId itCCd at differeint rimtit oftloor skill,,. iid at smaller nunmber oif opecrators,
Not all aspects of humaini juLidgeimeniit and contriol coli~ d hie easi ix pro g raimme d

anid t ranisferred to the elect ronic mind. Twoi resuilts nia\ coiisequenit lxi Iinted.
The ti rst is the pi ssi hi litN ( uif di splacinig cheap hua litt iIa boulr bi, elect ri n icalli
controlled proigrammed machines. The secoind is t he reduced need for skilIts on
the shop flhior. and the creation oif the neced for ot her skills inl thre management



12 'IsN R ni II k I \R1, IN )I-, NI I I1 "1 I I

and design areas. The first trend would erode the ctnliparati\e ad\antage of the
dce, eloping countries in some of their important labour intensi% e industries such as

textiles and leatherware. The second trend will aford a partial short cut to the
developing countries in acquiring the skilled labour force for certain other
industries. There is certainly some over-simplification in presenting these two
trends side b. side, The real choices ma\ be more complex. Industrial and
developnent planners seem now ito be more preoccupied with the detrimental
effect on the developing countries of the first trend in which the conparatix e
advantage of alblundant cheap labour is eroded or lost. It may he worth while for
them to consider the possibility of the •econd trend. sinecciall, ie it supports
the pre\ ious recomnmendation to the developillg countries to intenrsify their efforts
in tile area of selecti\e skilled in;llpo\,er is the spearhead of a more appropriate
de\clopment.

Ik T'entralisation

If precision and reproducibility could be better assured at lo\% cost b\
infornatic programming and control in certain industrial manufacturing opera-
tions, then fixed overhead costs per unit product may' be reduced in comparison to
total costs, and thus tile advantages of large scale production could be realised for
smaller si/e units. Production could be achieved in a large number o small or
medium si/c units as economically as in a smaller number of large units. '[his t% p
of decentralisation if it were assured. ma\ help the developing countries. \,\here
si/c of thle market is small, to establish industries \hich would otherw\ise be
IiiCCOnlOmlliC to establish. The possible higher costs of procurenent aild dis-
tribution of smialler qUlltities of inlputs and output ma lie balanced bh\ lower
costs of transport especiall\ it' the piroduct is desi en edII for local coInsumption'.
I'h ee cases wAill niot herald a li ew era (lt small and illdiUin scale local Ce0lminit it
industries, but to a certain e\ent, and in specific cases. ma\ be bringing indusrx
to tile people. in place of the huge flux of the last two centuries in \hich people
flocked to industry.

This movement will naturally encourage the de\elopnent of lini-cOrnputers

and decentl-alised infornatic svstenls. with possible connection to major centres.
,iacro-franies still have certain ad\antages, and mai exist sitnultan mtl4% with
medium and miini-compt ers.

Better Information for Industry

We may consider three major sucetessi\e steps in trainsforrmation indUtr.
ilaunc IN tile supply of raw inmaterials. energv and otlet itllatelial in puts. tlile
series of electrical. Illeehailical. phvsical I and chenical transformiatin opera-
tions. and lastly tile distribution of the output product to appropriate users.
Industry can benlit from improvements in any one of these three steps. We are
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apt, when speaking about industrialisation to think foremost about the second
step. which is accomplished within the factory by organised labour, appropriate
equipment and technology and under the supervision of efficient management. In
the feasibility study of industrial projects, all of the three steps are considered.
Better information can however help in every one of these three steps. through
the information sources and channels, which would be more accessible at cost in
most cases, in an information-rich society. The developing countries may there-
fore be placed in a better position to know about sources of raw materials and
openings in export markets for their manufactured goods. They could also choose
better technologies and identify more suitable partners. These merits will at the
same time be made available to the business community of the advanced
countries, especially the transnational corporations with their already complex
technology and machinery trade across national boundaries. New centres of
technological data would emerge, from which one would find answers to specific
questions about details and economics of alternative technologies required in
working out feasibility studies and solving industrial and trade problems. The
work of industrial and business consultancies will therefore be changed. but not
disposed of altogether, by the improvement of data collection and retrieval as just
described. This looks like a double-edged weapon, which works for or against the
developing countries, but it can be particularly useful in fosicring co-operation
between developing countries, or stimulating development within the same coun-
try between different industries. One needs to judge the practicability of such
situations and their possible relevance in the near future or ultimately. The
UNIDO approach in the project INTIB addresses itself to this category of
information and we will hear more about it at this conference. New equipment
and procedures will undoubtedly displace a number of workers, but maN also
create new jobs somewhere else in the industry, or outside it, or lead to a greater
volume of activity, and hence gain full employment in other sectors of the society.
The whole issue of the employment effects of informatics will be taken up later in
this conference. The organised labour movement in the advanced countries seems
to be living cautiously so far with the spread of information technology.

Rational Use of Resources

It may be noted that mass information gathering for social, economic. and
administrative macro-purposes is a phenomenon less than 50 years old in most
countries. It may have originated in. or been stimulated by. the needs of
mobilisation of resources, and the management of shortages associated with the
two world wars, and the intervening efforts of economic recovery from the severe
depressions of the 1930s. Later mass collection of data about all aspects of
individual, corporate and national life mushroomed practically in all countries for
social and economic reasons related to the establishment of policies and plans of
development, and in general for the management of the modern "nation state".
Yet, almost invariably, scholars and decision makers alike feel that whenever a
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subject is examined. data are found wanting. and they call for new data collection.
We may not be able as vet to ascertain to what extent informatics will improse
this paradoxical situation. Certain aspects of the question have attracted public
attention, such as the danger of breach of individual privacy and freedom. There
is also the increased flow of data across borders, not equally in all direction,. It
has been said, for example, that basic data flow out of the developing countries.
while policy and decision data flow into them. What concerns us most here is the
direct information about individual consumer demand which is a major criterion
(and theoretically the ultimate determining factor) in the supply of goods in
general and manufactured good, in particular: how this deniand changes. to \%hill
extent it is modulated by production and distribution lobbies, and ho\s it could bc
ascertained in information rich and information poor societies. Basic demand can
be derived from biological needs of survi\al. or long established needs of social
coherence. But the erratic and irregular demand on appliances .and gadgets
including important ones such as motor cars and international trascl. hasc led to
major social and economic changes, which are likcl\ to continue to happen in the
tuture in magnitudes and directions which are not predictable with a sutlicienl
degree of accuracy. lin this manner, the demand for industrial goods,. the
availability of resources. technolog\, energy and purchasing posser for their
acquisition. and other important planning data for industry, are still being handled
by rudimentary methods of extrapolation and projection. In the serious cascs.
when demand does not come up to supply already established or predicted. arm
twisting methods are used to modulate dernand and nake "'business" successful.
To what extent 'ould the information revolution coming (or has it actuallk
conie'. help in this basic question of the rational use of resources arid the
ordering of priorities of needs at national and international les els'. In short can \s c
better answer the question. "*what industrialisation, and for ss hon'?" Electronic

data processing manufacturers, and multinational corporations will eertainl\ not
be the ones to determine the answer for future generations. The currentlv
bogged-down North-South dialogue about trade, resources and energy. na\
eventually add the subject to its agenda. nately the worldw.ide management and
manipulation of the king cosuner. who became a slave to undetermined masters
for no worthy causes.

In addition to the codes governing transfer of technology. which are being
examined internationally, and about the conduct of transn atiinal corporations. a
third efTort may well be required in regard to demand stiniulation and tnanipuhaL-
tion of consumption.

(ONCIISION

"HFSE ARE some incoherent reflections about the subject matter of this
conference, in which I give expression to nv ignorance and hope for further



clarification in the course of the discussions that follow. These reflections relate to
the new information machines, which receive data, process those data according
to certain instructions given to them by their designers and operators, feed data in
and out of memory and tinall, produce outputs. which can be simple organised
data, or instructions transmitted through special devices to manipulate other
machines. The programming of the new universal information machines is
expanding and developing both quantitatively and qualitatively, to emulate in
certain aspects the human mind. which in itself and in this context, can he
described as a super information machine, The output of the processor, if
appropriately programmed, could make choices between possible alternatives.

and react to signals generated during its processing of external data, as gathered
and supplied to it by special sensors working continuously to serve it. The input

data can he received by the machine not necessarily through cards and tapes. but
by more direct methods. and likewise the output.

The more obvious phenomena of hunan growth and dail body functioning

are in themselves subject to progranming and control. The data gathered by the
senses, added to the data accumulated by the memory. and assisted by external
data in written or spoken form feed into the appropi iate parts of the bodN-

machine and produce outward signs of movements, expressions and manifes-

tations of intelligence, in addition to the routine and careful attendance to the
internal management tof the ins oluntar\ hodv functions nece'ssair, for survis al.

The informatic aspect of the human individual is shared to a limited extent b%
all living animals and plants. which grow and function throughout their life cycles.
We know of the existence of some chemical and biological agents of control and
programming of the actions and of functioning, growth and decay of animals and
plants. But not enough vet.

We may observe that the only physical connection between the parents and

the offspring is the fertilised ovum (in higher creatures). This tiny living particle
seems to contain all the instructions necessary for its succeeding evolution into an
embryo. then into a living individual which Lrowks into maturity with specific
'inherited" characters, related to those of the parents.

We have not vet been able to make information machines that growv and

reproduce. We cannot imagine how nature could have deceloped the necessarx
information systems and programmes for cell division and organ specialisation.
and to encapsulate all that within a small li\ing unit transmitted from parents to
offspring.

The working of the human mind, and the information and controlled pro-
gramming of heredity. growth. and regular functioning. as compared with human
achievements in informatics. however marvellous, give us every reason to be
modest and reflective.



SECTION 1

Informatics and Industrial Development-Another

Mystification or a Short Cut to Industrialisation?

[The bro ad suLbjeCt of j uforniatics is; defined and discussed and its

role in indaustrial de" ne.vith parlicalar reference lo the
Th ird World. is considered- The critical importance for
dcx elopment of the *cornmoditx which is information is discussed
inl somel) detald. The remarkable adx ances, during the last tx.ko
de1cades, in miicroelectronics are described and it is argued that the
information tcehnlologp rex olutiotiiied bx these advances has
x itally important implications for the speedin1 Lup )f soCio-

economnic development in Third World count ries.
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INTRODUCTION TO INFORMIATICS

FOIR tHY011SANI)5 OF YE~ARS, man has had limited amounts of information available
and the processing of it did not pose at great problem. With the passingz of time the
amount of information available grew slowly but stcadilN. The industrial rev-
olut ion in the last cent urv and the launching oif reset rch pr ~g raninicule in the ti rsI

half of the present century. as well ats the modification of economilrc. socrial
anid political co ndit ions arou id the wvorld. h a~ e resulted in a rieni dous iticrc asc
in the amiount of information to lie handled.

Jhe computer wats invented in the fourth decade of this centfury. ill the
beginning purely as a calculating machine. As the technology tor storing data wa s
developed, vast amounts of information could be processed in a very systemlatic
and rational way.

M~ore recently. advances in telecommunications have resulted in unespeeeted
transmission capabilities of conmputer data through networks. As a consequence. it
clearly appears that man can and should restructure information in order to profit
more from it. and to increase the speed of the social and economic developmerit
of nations.

& ~
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This awareness of the value of information leads to the uncovering of specific
propertiel-and characteristics ot information, to the perception of information as a

physical entity, to its identification as a natural resource and as a form of energy
available to mankind waiting to be exploited.

This new approach to information suggests the need for a new word which
expresses this new concept. Therefore the first definition of informatics xias
prepared by the French Academy in 1606 and read as follows: "Informatics is the
science of the systematic and effective treatment, especially by automated
machines, of information seen as the medium for human knowledge and for
communication in technical, economic and social contexts."

The concept of informatics. even while maintaining the validity of the origi.l
definition, has been evolving. Informatics is now considered as covering a wider
area than was originally envisaged. Without disregarding the validity of Yhe
original concept, new definitions which better express the extension of the concept
are being provided, such as the following: -Informatics is the discipline that.,
studies the information phenomenon, the systems of information and the process-
ing. transfer and utilization of information. mainly. but not necessarily, with
computers and telecommunications systems as the tools, for the benefit of
mankind.-

Associated Concepts of Informatics ..

From these concepts of informatics it is necessary to further analyze the
concept of information and to comment on the role of the computer and other
associated concepts such as computer science, computing sciences and information
science.

Information may have, for the purpose of clearer definition of informatics.

several meanings. but for any of them the relationship between information and
data should be distinguished. Data can be considered as "'units of information".
and information as "'a structured and organized set of data.'" The same piece of
information can be. according to the level, the case and the use which is made of
it. either data or information.

Information can also be considered as sets of data which can be transmitted
by means of a signal and having a meaning by themselves. In other aspects,

information can be considered as the amount of knowledge covered by a given
number of signs stored by some means and which are able to be transferred.

All the above concepts are. as stated, meaningful to informatics.
The electronic computer as a tool of informatics is one of the most important

elements for helping to solve the information-handling problems of modern
society. When a country reaches a certain stage of development, a range of major
and complex information-handling operations arise in government, insurance.
banking, etc Computers have an essential role in enabling these operations to be
satisfactorily carried out. At present, computer hardware, due to technological
progress. is decreasing in cost. The development of mini- and micro-computers is
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expanding potential areas of application into entirely new lields. Computer
Science studies the theoretical, practical and technological aspects of the com-
puter. Information Science deals with the handling of information in libraries.
archives and documentation services.

Related Disciplines to Informatics

The following disciplines are directly related to informatics. Data Processing.
which attempts to find out how to process information systematically and ration-
ally by collecting, organizing, codifying. sorting, combining and comparing data.
The Theory of Systems, which includes the study and analysis of systems consisting
of sets of objects involving relationship between these objects. and their attri-
butes, and aimed at an end. This theory also includes the classification, simulation
and design of systems. Simulation, which includes the construction of discrete and
continuous models used in economics and in process control. Operations Research.
which may be considered as a set of mathematical methods of analysis of
organizational phenomena for optimization. The Teory of Inirmiation StrUCtUreS.
which involves the study of information, analyzing its structures and thus allowing
a better understanding of such information. (ommt nications aid Network ieorv.
which studies the physical structures that make possible the transfer of in-
formation between two or more points and the properties of networks. ()rOtanisa-
tion heorn. which studies the organisational and hierarchical structures and
communications channels of administratiic and industrial bodies: it is a decisive
factor in the design of information svstens. These disciplines hac a great
influence on the development of informatics. and informatics is in turn bcconing
a driving force in their development.

ECONOMII( IMPA('T OF INFORMATI('S

'Im 1-( (i(\ll IiI'.\( i of inloriniatics gi\cs rise to a unique piCnonieinoln becaiusC o1
both the wide rigCe Of its field Of 1 apllicatil anid the de'-rec to \hich it aflects
this field, and also because Of the concentlrillion of its lechnoloo in a \cr\ tc\
centres of pover.

The technology of infnrmatics is a costly exercise both from the point of view
of research. development and manufacturing and from that of acquisition of
hardware, software and consultancy in systems. In particular, the total turnover of
trade in the technology of infornatics is becoming (as expressed in many
publications) the third highest in the world. Howecr, about IX) ipr cent of the
whole trade is concentrated in a very few multinational companies (just one
company has about two thirds of the total world market), all with headquarters
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located in a single highly developed country. It is interesting to note that the
remaining 10 per cent is being produced either partially under licence or inspired
by the technology of a highly developed country.

On a first analysis, it may be argued that the case is not unique and that

the characteristics of informatics are similar to those of. for instance, aeronautics.
However, informatics has a much more important impact than others because, it
is affecting the daily life of men, the structure of society, the transfer of
information between countries and between peoples and their governments and
vice versa, and is sustaining the development of all other technologies (aeronautics
included). It is a substantial tool for building up the structures through which
social and economic development should inevitably pass.

Without informatics the whole campaign for the New Economic Order would
be just an intellectual exercise which could polarize the enthusiasm of people and
enhance the expectations of developing countries, but would be void in terms of
feasibility because of the eventual inability of developing countries to handle the
results of the new circumstances which are arising from this campaign.

The aforementioned observations lead one to draw two conclusions, one
related to research, development, and manufacturing of hardware, software and
systems and the other to the use of informatics for the socioeconomic develop-
ment of developing countries.

RESEARCH, DEVELOPMENT AND PRODUCTION OF INFORMATICS
PRODUCTS

FROIM il o- 'fiN!i Vi ii-w of research, development and manufacturing of hardware,
software and systems, developing societies (and even more advanced ones) can
hardly. in the short and medium term, have a significant participation in the highly
monopolised hardware industry. This apparently irreversible phenomenon might
be partially counter-balanced by. for instance, developing regional efforts aimed
at less sophisticated products which may fulfil the particular requirements of the
region and/or by the development of mini- and micro-computers and of more or
less intelligent peripherals. However, this is still doubtful unless a full compre-
hension of the political implications derived from this technological economic
phenomenon is achieved by high level governmental decision makers. As regards
software and services production, this opens a way to countries by mcans of which
at least part of the high cost involved may be shared by a national effort. It is
sufficient to point out that the cost of software and services is already of the order
of 40 per cent of the overall cost. Development of indigenous capability in this
sector of informatics technolo,,, may give countries the possibility of a higher
participation and a decreased depNdency. Software and services can he
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developed in all countries, but they do need the training of qualified manpokwer
which involves the formulation of adequate educational programmes.

INFORMATICS IN S(IO-ECONOMIC DEVELOPMENT

F:R()% HFit P INI ()Ii- \% of the use of Inf rl latics for the socio-econoric

development of developing countries, it is possible to assert that informatics is
both a powerful means of increasing producti\ it and a crucial tool in the pro cess
of development.

Productivity: As a main factor in the overall increase of productivity in public
administration, industry, agriculture and services or tertiary sector. informatics
has an essential role within the economical field. This essential role of informatics
appears more evident when the tertiary sector is specilically considered because it
is a sector in which it is diflicult to increase productivity unless informatics is
widely utilized.

Development: Informatics is a necessary element in the process of development
because informatics is a basic tool for planning and planning is the main means of
action for a country to develop coherently and rationally.

Actually, for planning, a large amount of data is required which can onlh be
processed through informatics. Informatics also permits the assembly, for the
testing of different situations and hypotheses, of simulation models required in the
planning process. Finally, the control of the implementation of development
programmes and projects, which is also necessary in the process of planning. is
widely facilitated by the utilization of informatics.

Another aspect for which informatics is fundamental for development lies in
the fact that one of the elements which characterize developing countries (even if
they have a high income per capita) is the lack of managerial structures within
government and the lack of qualilied people at all levels. To create or improve the
managerial structure, and to minimise the lack of qualified pcopl,-. a wide use
should he made of informatics.

POLITICAL IMPACT OF INFORMATICS

To MASTER INFORMATION does not mean just !(, know how to collect it, but to have
the capacity to process it and obtain fruitfa. -ults.

As well as the monopoly of hardware and the quasi-monopoly of software.

Li
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there exists ill the world a new threat, nanel' the fact that onrly the richer
countries and those most powerful in technical organisations (which is the least
harmful situation) are building up large data hanks, and developing count ries are
the producers of these data. Dexeloping countries are thus appearing as the
producers of raw, materials, but the\ tind themselkes, in the best hypothcsis, in a
situation in wxhich the\' have to pax to receive information, that is to sa the
manufactured product derixed from their own raw materials.

Similarly. there is the important problem related to dtzi balk, ,ituated
be\ond the border of a countr\. and containing information the use o tMhich is
absolutely necessark to it.

This pro\es that it is riot only b, the exploitatioin of their natural resources
that developing countries ma\ bie despoiled. but also through tile use of their
information, either proided hx thelekes. as is the case of information prmided
by go erinntll olfice,,. or dircCl\ picked up llx highly dc\cloped coutries. as in
the case of satellites. Thi, inormation is being used hx countries which ha\e the
capabilit to process it. giving them tile possibility to defitie political strategic, and
economic policies to be applied in their own interest over the regions and or
countries from which tihe information is collected.

Developcd and de\eloping countries should be prepared tor the nexx situa-
tioni that is being crc -ted bh the cConjunction of satellite tchlnology ssitli tele-
processing computer net\works. [he svnibiosis of these technologies will dCeplI.
alieet all esisting structures. lo trantsform this s\mbiosis into a positive
phenomenon for developing countries, a strong political action should be taken at
international c\ cl :s soont as possible to protect these dC\ eloping countries from
actions that ma lie u ndertakcn bx otier countries without their conmsent or e sCn
with their consent bll btithout I complete awareness of their implications.

At the natiotial level, the impact of inforti1atics oil the structtrte of states id
governments can be investigated through systems theor\. taking iito con-

sideration that countries and societies are 'living svstem yh ose gvovrtnments act
as the decisional control sub-system. Atnx' decisional control sub-svstent must be
able to react to the environment and its changes it a speed compatible with that
of the change in the environment. since otherwise part or all of !he li\ inc sxstet',
would be destroyed. In other words. in tile conitext of lhe 'living system socic\"
the governments (other decisional control sub-systens). through tile decision
making process, must be able to react to the changes of the politicatl cOtMUnit\ at
i speed comipatihle with LIat at wxhich those changes take place. other\\ise there is
the danger that political instability and social tlphea\ al nll appear. and that tle
existing organisation of the communit tit might be destroyed. I o\\e\ r. for this, it i,,

necessary that the feedback process to the government be s'ell designed.
The amount of information that the feedback process pros ides to go e-

mients is so vast at present that only through tile use of informatics is the political
decision maker able to cope with it and to e.tract from it the teccsar elementts
to make the right decisions. It has been said that inforniation is power and
whoever has information hats power.

Informatics has a leading role is an interface between the living system
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t, eonilunityv) and its control sub-system (government). and a proper use of it,,
potential as a two-way channel to link governed with governing ma lead to an
eflective structure for a better life.

APPLICATIONS OF INFORMATICS

"T I :l ) 0t It-) I(RM . 
11(', concerns aIll Ilevels of actlivit', of a counlr\ . nd deci.ioms

and initiatives cal result from the complex interaction of a widc \arity of

interested bodies, e.g. governmental authoritv, intergol vernmenial organi/ation,,.
the private sector, professional organi/ations. and the public, which can \oice its
opinion either through its related represcntatives or through individual ass-
ciations. The means for selling Up a national polic. could thus be established
within this complex system.

The various area s of application of informatics mu~st be distincguishIed b\ t heir
own characteristics. They can be grouped in three main areas:

(1) Scientific, medical and engineering computation and application in the
education and research fields.

(2) Industrial automation.
(3) Administration and husiness-oriented application,.
Particular attention should be given to applications corrcstonding to the

needs of developing countries, such as:
(1) Processing of basic statistical data.
(2) Computeri/ation of national accounting, of ta\ collection and ctlloni,

income.
(3) Economical modelling, aids to planning of economic and Social

development.
(4) Informatics applied to issues of employment and to public health ser\ices.
(5 ) Assistance to agrarian reform.
(0) Public welfare and social security.
The positive results obtained through the inmplencntation of informatics are

reduced by some new constraints that informatics has cleated in teMill , Of data
collection, of organizational problems, of centralized pr ccssing, \ hich somct ime,
renders a service which is unsatisfactorv from the users" point. 1o .lhat estclt the
e\olution of technology permits the progressi\e reduction of these constraints and
brings new advantages is an important issue. As informatics reqires, i impornlt
investments which must be financed h\ the end-user. the implementation of fle%%
applications. especially in developing countries, should prcferably be progressike
and preceded by cost-elliciencv analhsis tile conditions and eflects of computer
utilization to accelerate education should he (arefullk considered: the Inter-
iIational use of data channels require, study and prelimihary agreement: it is
necessary to organise ihternational collaboration on planning standards aind
software exchanges.



2~A% 1%Kltt S N ) t J I t jt Al DJ II ()['It I.

U)NCLUSI()N

I11o WIII o i li ii Nl -,\ ~ ind C\CIi danlgerous. hov~ex er, to assumec that
dexelopntlent ot infornmatics is an aimi in itself. Informatics is nothing but a tool,
Mnd 11T is uIseles to, Increase it-, etficienc\ and power \kithout beatrineg in mitndtits
balsic si pe\%khtcht'Is to help Countries to better soixc thle fundameintal problems
thle\ lre 1ACHIn [I()\\ such as, ho\% to conldUCt (thc national ctonm. fihe optimli/a-
lion of tile u~se o resource,, or thle promotion of social and ecolnmic dec lop-
mentm --all addicre.sd to the %cfare lif mankind.

informittics is obx piusl not the only waxt to tackle ,Lich problems. but it
strongi, contributcs ito impri ixing thle approach to their solutions. A\s at mental
rex Olution. it represents at factor of thle adaptation of the nex.% to thle rapid changes
of socil and thle %%orld.

,\ll these advantages of informatics, however. imply that it be prope rly used
lestl thex lose their etfectix eness. [hec increase of ox crall productivito, requires that
the cost (it itforniatics aind Its cux ironmncrt bt: less than its profitabilit. Cx cn
considered in thle broad sense of the term. The training of mnanpower is expetisix e.
and tmtust also b le profitablec. [hle ec:onomic significance of intormatics is meaning-
less if it is not at drix ing force: of proigress. but at waiste of part of thle (iN P.

Inforniatics shotild make it possible to rcaithe \%hatl is %xrong in thle in-
onaiotprocess"iig procedure of at firm or an administration, and to imnprove thle

situaition. I0owx 1r.on should tot de~stro% cx crthing. Nxst enltticallN so as, to
ntake bektter uise oit thle intorniatics tool: the latter is, a sers tee to socictx. and not
the opposite. It is, far from obvious, however. that inforniaties is properly used in
at spontanelouls mannliler. ( )n thle eotitrarx. it can casilx beQ hadlx Used.

It is, absolutel necssarxm and i-Ccitt for dICx elping countries ito acquire thle
Calpabilitx of haitdfinc anid p~rLcessing_ itiforttation for their oxxn pui-pox.es. in) thle
laicl titaitncr ats thle more: adx .ttickd couintries. )In this xx aN thle inter-face att politteal
cxel betxxeecn counitries maxt be more balanLed and equitable..



o The Socio-Economic Significance of
oInformation Technology for

Developing Countries
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INDUSTRIAL DEVELOPMENT AND STRUCTURAL CHANGE

li it M'S fRI-t rR..NNS.( RN. 1 t1( of the Western societies is a phenomenon that is
less ,han 20) years old. In spite of its recent history, we still do not fulls
understand the sociological. psychological and economic aspects of the mechanism
that gave rise to and sustained this transformation. It is hardls necessar% to
emphasize that a systematic understanding of this historical process is of im-
mediate value to the de eloping countries (comprising some two-thirds of the
world's current population) which are trying to repeal this historical process and
transform their own traditional societies into modern ones. While it may be
fashionable for some in the West to decry and condemn the '"dehunanising"
aspects of the industrial culture, there is no denying the fact that the secular and
modern world view that is an integral part of the industrial culture is indispens-
able to the socio-economic advancement of the developing countries. Hence. it is
important for us to become aware of and to try to understand the socio-
psychological and economic significance of the technologies that underlie the
industrial culture of the West-in particular the significance of those technologies
that were instrumental in bringing about the industrial transformation of the
Western world. In this paper I shall restrict myself to a consideration, in this
spirit, of the socio-economic significance of information technology.

27
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Figure I sutnmarises the main stages of the industrial and technological
change ill the Western countries starting from the first industrial resolution in

ri-gland in the late ISth century to the so-called second industrial revolution in
the post-World War II vears. It is a well-documented socio-econonic fact h no

that indutrialisation and econonic deselopment has e been accon panied in all
de eloped countries b\ a structural shift of labour from the primar, and secoy
dar\ production sectors to the tertiary or ser\ice sector. .\lthough no detailed
eflorts seem to have been made to give a theoretical reason for this shift.
sociologists like Bell (973) have popularised the \iew that post-industrial societies
%%ill he knowledge-based societies. A more systematic anal\ sis of the ser,,ica
sector A ould show that the 'commodity on which this sector acts is "information' ,
The increasing inportance of information to control and minainlaeC the socio-
economic structure of 'advancing' societies is the primary reason for this structural
shift of labour to the service sector.

Before the l9th century, in the West. there were traditionalh onkl three
professions: medicine, law and religion. An important change that \, as brought.
about in the socio-economic set-up through progressive industrialisation s\%as the

Figure I. Stages in Industrialization

Stage I Start of the first industrial revolution. Primaril
179(-1840 agricultural and small artisan groups move into

coal-mining and textile centres and become
urbanised.

Stage I1 Improvements in industrial productivity through
1841-1870 the use of steamr power and partial automation.

especially in the textile industry. Beginnings of
transportation revolution through the use of ste-n

locomotives and steam ships.

Stage Ili The gradual replacement of steampower in in-
l7(-1 WO dustries by electric power. The increasing impact

of chemical industry( on textile manufacture.

Stage IV Transportation revolution based on I.C. engines.
I (AO-1 945 Growth of petro-chemical and pharmaceutical in-

dustries. Beginnings of electronics revolution.

Stage V Major transformations in the electronics industry.
1945- 1t)0 First stage of information technology revolution.

Beginnings of the second industrial revolution?

WNW-
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introduction of a variety of new occupational categories and the gradualb
increased specialisation and professionalisation (if these Iccupations. Some of the
earliest such professional occupations that came in t.o heine "ere accoUntancv and
civil engineering. Figure 2 lists a cross-scction of the \ aricltie, of cctipation', that
support a modern industrialised societ\.

Talcott Parsons (l19M) has pointed out that 'protcsiOnalisation" of an
occupational category is based on three orre criteria

(i) there is a requirement of formal technical training accompanied b\
institutionalised mode, of %alidatioti of both the .idcquac of the training
and the competence of the trained Indlh dual,

(ii) the training acquired niut ilnclude A, rccoeniibl\ ntCllcctual colnefCnt
(iii) the training acquired (based in an essential ,k ao on the intellectual base)

should lead to skills >.hich can be utI to social u Ie in an institutionalised
setting.

These core criteria at once make it e ident that "-information cot,,ciousness,
is an essential aspect of profcssionalised actisit\, Ihc major part of the in-
formation- or knowledge-oriented professions are to be found ill the tertiarN
sector of the economy ias illustrated in Figure 2. The all-encompassing naturc of
the tertiary sector. as also its basic importance to the primars and ,Cconidar\

production sectors in an advanced industrial econon\, are clcarl\ brought out in
Figure 3. In the early stages of industrialisation many of the ,er\ice occupation,
are to be found "'in-house' within a corporation or an industrial establishment.
Hut as industrialisation advances, the service occupations tend to become more
and more specialised and professionalised and get transformed into industries in
their own right. Each such service industry, then. is itself serviced by the entire
spectrum of services indicated in Figure 3. This highly interpenetrating nature of
interdependence of industries makes the economies of highlv industrialised
societies extremely complex and difficult to analyse and stud.

INFORMATION TECHNOLOGY AND THE SERVICE SECTOR

AN ANAlYSIS of Figure 2 would show that technology plays two kinds of roles in
an industrialised economy. On the one hand technology enlarges the spheres of
industrialised activity: it introduces new processes yielding new end-products
which are enjoyed as consumer goods or which re-enter the production process a,,
producer goods. Chemical, electrical and electronics technologies are preeminent
examples of this extensive role of technology. On the other hand. technolog\
increases the efficiency of a productive process already deployed in the field, thus
resulting in increased productivity. The role of steam technology in the early
stages of the first industrial revolution. and later of electrical technology in the
introduction of electric motors, are exemplary illustrations of this iitellsire role of
technology.
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Figure 2. Occupational Categories

SOCIAL OVERHEAD SERVICES

Transport
road, rail. air. sea, inland ,%ater~kavs

Communication
post, telegraph, telephone. tele\. data tranamission

Education
Police. Defence. Justice
Welf are

public health, hospitals. social ers ice institution,,
G;overnment Administration

BUSINESS SERV'ICES

Trade
wholesale, retail, estate agenc%

Finance
banking. insurance, brokerage

Professional & Technical
accountatncy. engineering, management. consultancN. testing &

repair, maintenance. adetsn, promotional

PERSOINAL. SERVICES

Domestic
Artisan

barbers, cleaners, tailors, plumber%. etc.. gardeners, catering stalf. etc.
in restaurants, hotels

Professional
medicine, law, finance, design & decor, training & tutoring

COMMUNITrY & CO(OPERATIVE SERVICES

Religion
Professional Associations

trade unions. cooperatises. clubs, other social groups

CULTURE, SPORTS & RECREATION

Entertainment
radio. TV. theatre, cinema. concerts

Sport & Travel
Information

newspapers. periodicals, books, libraries
Culture

muscums, galleries
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The extensive use of technology creates new jobs by extending the scope of
econonic activitv to coxer hitherto unexplored domains. I contrast to this, the
intensive ,e of technology almost alwa\ s results in loss of jobs (if not of existing
jobs. at least of potential jobs). Productivity increasing through the intensie use
of technology enables the expansion of ongoing economic actisit% without siniul-
taneously having to create additional jobs to cope with this expanded acti t\'.

Although in the short term this kind of intensive use of a technology creates ,ocial
apprehension and consequent resistance to the technology oii tile part of the
working population, historicallN. ii tile long term, increased productivity in an
econom hats l a.s contributed to the general betterment of society. Thus,. from
the long-term viewpoint, for industrial dcvelopnlent and modernisationl. both the
extensive and intensive uses of technology should be considered positine and
desirable features of an econom\, .

.As alreadv note.d. infortimatioin tech|nology, embodied iii the form( of com-
)lters arid. more recently. microprocessors. is the technology underpinning the

,,cr% ice sector. In an extremely interesting paper Thompson (1978) has pointed Out
that at present most of the applications of information technolov in the serxice
sector are intensiNe in nature. This technology is being introduced to increase
producti\ ity and consequently results in decreasing labour growth. This is perhaps
most immediately evident in the otlice automation area. A id, as alrcad%
emphasised. most of the current apprehensions about the microprocessor tech-
nology in the West directly derives from its intensive usage, Thompson
emphasiscs the need to explore the feasibility of deploying information tech-
nology in ama extensive manner, Th- lecessitv for attempting this becomes
especially relevant for the developing countries in the cottext of creating the
hundreds of thousands of additional jobs that are needed to meet the demands of
an ever-growing working population. We shall return to this topic a little later and
discuss it in more detail.

In Figure 4 1 have listed the major software application areas. Their rele-
vanlce to the various service sectors are indicated by the corresponding numerals
in Figure 3. From these two figures it will be seen how comprehensive is the
applicability of information technology to the service sector.
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Figure 4. Some Major Software %pplicati.n Areas

I . Planning & I )ccisin Making
2 iransaction Proccsi ng
3. In formatiol Storaic & Rutric al
'. I j. tr tl ' 0',

I Caet l "aculationls

( Nics~agc \iana en!

7 Real [nic ( 'oillrol

THE IMPORTANCE OF THE SERVICES SECTOR TO I)EVEIO()PIN(;
COUNTRIES

Tt- PRIM..ARY AND S l( NI).\I production sectors which arc tle prinlci pal coiinsul lt-\
of the services (shown in Figure 3) are shown cxpanded im11 their constituent
sectors in Figure 5 From this figure it will be seen that c\cry ic,'eloping coullt-\
is more or less industrialised. There are \cry few developing countries with no
industries whatsoever. In countries like India. for example. the industrial base is
quite comprehensive. Each one of the primary and secondar production scetors
identified in Figure 5 is a constituent part of the industrial infrastructure of Inldia.
Why is India. then, not an industrially ad'anced country

The answer to this would become obvious if one looks at Figure 6. Over a So
year period durin ' which time this comprehensive industrial base has been built
up in Ilndia. there has virtuallv been no structural shift of the labour force fromn
the traditional occupalional categories. The soeio-economic significance of this
fact is as follows: although on the surface much industrial de\chopment has taken
place in India, the Indian society as a whole has not been involved il] this
industrialisation process. Industrial isation in India has not been tile oulcome of a
total transformation of the soeio-economic structure of the society (as it was the
case in the West) but hats merely been grafted on as an appendagc, more or less.
to a society that continues to function in its traditional mode to a large extent.
One result of this hits been that the many occupa hfmat roies that aLc( Impa nv
industrialisation, which should have been crated an miade aai iable to in-
dividuals, has e not been created and are unavailable to increase the di ersit\ of
employment opportunities in the countrv.

Apart from their emphowment creation aspects.,' these missing occupational
categories are precisely the ones in the service sector which contribute to the
efficiency and productivity of the primary and secondary prioduction sectors. A
very large proportion of the industries shown in Figure 5. which are operational in
India. function, for the most part. without man of the ser\ice it puts shown ill
Iigure 3. The absence of the right kinds of ser\ice inputs into the primar\ and
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Figure 6. India: Labour Force and Its Distribution

% Distribution across sectors
Total

Labour Force Mining &
Year Millions Agriculture Manufacturing Others

1921 120 73.1 9 17.9
1931 124 72 8.7 19.3
1941 121 74 (.2 16.8
1951 140 72.8 9.3 17.9
1961 188.7 73 10.4 10.0
1971 226.9 73.8 9.8 1I6.4

USA
197b 96.9 4 23 73

secondary production activities shows up in India and other developing countries
not only in the form of nonexistent occupational categories. but also in the form
of low levels of information consciousness in the entire spectrum of socio-
economic activities.

Whether one measures information consciousness in terms of printed matter
production, circulation and consumption (dailies, periodicals, books), or com-
munication channel availability and usage (telephones, telex), or the deployment
of mass telecommunications media (radio, television). one finds that in developing
countries like India the level of information consciousness is less hv factors of
several tens to a few hundreds compared to the industrialised countries of the
West. We have already seen that information technology is of importance to
upgrade the service sector and, thus. improve productivity in the primary and
secondary sectors. But apart from this fact it is worth discussing in some detail
why information technology is an intrinsically relevant technology to the dcelo-
ping countries to improve the quality of life in these countries.

THE RELEVANCE OF INFORMATION TECHNOLOGY TO
DEVELOPING COUNTRIES

rWO Of iH- MAJOR stumbling blocks to achieving rapid socio-economic develop-
ment in countries like India are massive illiteracy and an extremely poorly
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developed communications infrastructure to support information transactions
among the people at large. The implications of these two impediments. as the\
affect India. are forcefully brought out in Figures 7 and 8. It is seen from Figure 8
that the rural population which forms 80 per cent of the total population of India
lives in economically tin viable groups. O\er 90 per cent of the 575.000 odd villages
have each a population of less than 2000 people. Except for a few southern states.
in the greater part of India the indi\idual villages are also geographically too far
apart for easy physical communication (by walking, bullock-carts. etc.).

[In the absence of viable communications and information technologies to
bridge the geographical distances between the communities, and to counter
illiteracy, many hundreds of millions of people are kept out of participation in the
ongoing cultural and political life of the countr\. Aside from actual illiteracy, for
want of access to functional information channels. all but it minute percentage of
the country's population lead a life of disguised illiteracy: although classified it,
literate, they are unable to pla' aw etlecti\e role in the socio-economic and
political affairs of the country.

Provision of education to eradicate illilerac\. healthcare to improse the
standard of living, and community services to upgrade the quality of life. to the
geographically dispersed small communities of people in countries like India pose
a tremendous challenge. It is clear that the mere magnitude of the problem (the
number of people to be serviced and the distances to be covered) makes it
infeasible to tackle these problems through conventional means. One cannot
hope, in the foreseeable future, with the resources available. to pro\ide con-

Figure 7. India: Manpower Profile (1978)

Total Population (Millions)
634

Illiterate literate
412 222

Non-Natriculates I85
Matriculates 2)
('crt iticatel I )iploma 0.8

(non-technical)
Certificate/Diploma 0,7

(technical)
(draduatcs (6.5



SOC1 0-NFRITO I C 0 1 1

5 ZN

At

;7,

- N
*j-

N ~ tI:1 _ -r

-*L



38 INFORMA I I(S ANt) IML S RAI i) \ DI PMI N I

ventional schools. diagnostic clinics, hospitals and so forth to service the in-
habitants of each village. Apart from the problem of constructing structure', t

house such service centres, the generation of qualified manpower to manage them
cannot be coped with. Radically innovati, . unconventional solutions v ould has c
to he found and tried.

Information technology-as the technology underpinning the er\ ice sector-
could be made to assist the developing countries in accomplishing this task.
Preprogrammed. prepackaged service equipment which could be operated b\
para-professional personnel-if developed and deployed in sufficient numbers-
could offer a viable solution. Microprocessor tcchnology could he deplo!,ed to
meet this need and could function as an appropriatc technologp to scrsice the
cause of de\elopment in the conlmunit\ ser\ices sector. Such a use of micro -
processors would be an example of estensi\e use of information technology.

The use of sophisticated technologN to shrink \ast geographical distances, and
also to bridge the wide gulf between the urban and rural life styles, is of
immediate and cri'tical importance to developing countries. Computer-based
information technology has a vital role to play in solving these problems: through
the extensive use of microprocessor technology as indicated above, through the

creation of public utilit, data-transmission networks for community, governmental
and industrial uses. through the extensive use of computerised printing technology
to assist small-group and mass-level publications of all kinds, and through the use
of computerised message managenlent techniques to promote wider interpersonal
and group-lev el communication.

I would conclude this paper by re-emphasising my central thesis.'[he service
sector constitutes the critical backbone of a developing society. Information
technology is the technology that underpins activities in the service sector. The
development and the appropriate deployment of information tcchnolog\ is. thus.
essential to extend the scope and improve the standards of functionally available
services ini a society. In this sense, information technology is an appropriate
technology for socio-economic development in the third world countries.
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INTRODUCTION

I QUOTE FROM Dr. Adam Osborne's statement: "In 196(0. Presiden, John F.
Kennedy declared that within the decade an American would walk on the moon.
One did, but history may well be more impressed by unanticipated consequences
of President Kennedy's declaration. Unwittingly, he triggered an industrial rev-
olution." This revolution, as we all know, has been based on microelectronics.

The remarkable developments or breakthroughs made during the Space Age
can be summarized as follows:

(1) Miniaturisation of the circait as in integrated circuits (I)
(2) Analogue/digital converter
(3) Sensor development
(4) Memory device, the cost of which will be decreased b VLSI develop-

ment.

The above evolution has been made for qualitatively or quantit,.
improving, for reducing the power consumption of. for speeding, or for reduzing
the costs of devices or systems. For example, in the analogue/digital area.
scientists understand colour in terms of a number: i.e., wave length of light.

3 q ,
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The economic impact of microelectronics for the ad anced as well as
dceloping countries is becoming widespread. In the advanced countries such as
the United States. Japan, and Europe, there is enough capital and technolog, to
push the state-of-art. ard the social and economic structures of these countries are
readilh accommodating sophisticated applications. It is also anticipated that the
increased affluence of microelectronics-based industr\ will tie\ Itahl, spill os er to
de% eloping countries.

The effects of microelectronic developments for the adv anced countries anj
for the economy of the rest of the world are too serious for the polic. maker to
neglect. The development of microelectronics is pro\ding an infinite range of-
applications for automating the process and operation of the machine and the
adsanced countries are substituting labour with automotisc machines. Since a
microelectronics system can control a process. material movement- shapini.
cutting. mixing, assemblh, qualit, inspection. testing. etc.. there is theoreticall\ no
need for any labour except the start-up instruction.-As a matter of fact. the
relati\e numbers employed in the ad\anced countries is sharply decreasing in
manufacturing and it agriculture, In the United States, for example. industri'.
manpower decreased from 61 per cent in l9501 to 37 per cent in I9(). In1 West

G(erian,. the industrial change is moderate but the agricultural ratio is dowkn to 5
per cent in 1980 from 22 per cent in 1950. In other words, microelectronics has not
only improved modern life but has also induced a transfer of manpower from
production to other areas. In order to absorb the shift in employment, the ser\ ice
and information sectors are in a state of growth.

In future, microelectronics will automate most domestic apnliances. and
make TV and telephone function as terminals of the available public services.
There is hardly anything left. the accuracy and efficiency of which cannot be
iniprosed b using a semiconductor device. The impact on socty, including
socio-economics. is endless and future life quality will mainly depend upon micro-
electronics. The microprocessor can be produced and programmed for such a
cheap price that it can be used everywhere. In other words, the digital signal
computer and analogue signal from the real world will be processed in a
microprocessor to get the desired function. The analogue signal is generally
coiserted to digital form for data processing and the D/A converter will change
back to the analogue signal. The future microprocessor will carry out A/D. data
processing and D/A functions on a single chip. which means one microprocessor
unit can act as a local brain to control, process or direct complex activities. The
next interface required is either local to local or local to central, which can be
achieved by telecommunications. The gradual merging of data processing and
communications will upgrade the efficiency and life quality of future societ\.
Microelectronics. it is feared, will adversely affect developing economies. Some
economists even claim that microprocessor-based automation will widen the
economic and technical gaps between advanced countries and DCs. Before
making such a hasty judgement, one must look into another function of the
microprocessor-it can enable an unskilled person to do a sophisticated task
which otherwise could only be performed by a highly skilled person.

h*
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hi spite of such optimistic anticipation of the achic~evlment of industrial
civilisation. there are, however. rin people Sulfering front 'absolutte pooert% on
the globe at present. The number is clainied to reach cight hundred million
people. Mans people are still suflering from malnutrition, dieasc, lack of "afc
diinking water and illiteraeN.

Since the end of the World War II. a ,trateg\ for industrialisation ha,,
dominated the policies of deeloping couttries causing' I problem,, ,uch a, urhani,-
ation and a critical shortage of infrastructure. III contrast tt Li rbani sat itin. the
strategv calls for rural de'elopment, labour intenisc production. lon, scale
production. and decentralisation of indu.tries This concept coincides \Aith So-
called intermediate, soft, alt,.-rnative. or appropriate tcchnlohg.

Recentlv research centres in developing countric, ha e started pourig out
appropriate technologies. Furthermore. the ctnerging tcchiidogs in the field ot
iicroelectronics is expected to promote the use of local resource,, in place tf
.xpensive imports and to rececdy the trend of urlanisation and to make the rural
area more viable.

In spite of the excellent ideas and efforts. the realisatitn of "'the third \waC " in
developing countries is vague and inconclLSive. "l7herefore. the most essential task
for developing countries will be the setting up of national policies for. and
effective implementation of meeting the basic requirements of. infrastructure
building such as the following.

COMMUNICATIONS

IN StiME DIFVI OtI'IN(; COLIN rTRUs with a low populatiotn dcnsit\ like ('ameroon. it is
difficult to install an all-cable communications system for econonic anid geo-
graphic reasons. But some technological trials may overcome such difficult\. For
example, the Subscriber Radio System invented by Farinon in the United States is
often a more economic method of extending telephone services to scattered
population centres. And the system can be installed at the place where gco-
graphical obstructions preclude the installation of cable.

lhe advantages of radio over cable and open wire have only now become
economical for normal agricultural and other rural areas, with the development of
Subscriber Radio. The exchange area can be confined to a typical area where the
subscribers in an agricultural region are served by a combination of Subscriber
Radio and buried cable. This has considerable economic advantages over all-cable
plant. Studies of actual areas similar to this example revealed that capital cost
savings of approximateli, 21 per cent are realized over all-cable plant. together
with similar savings in maintenance and depreci'ition costs.

Subscriber Radio (SR) is a point-to-multipoint microwave ,system consisting of a
central station and several out-stations. It provides transmission quality equal to that

£l
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of cable plant and will serve subscribers within a 441 Kn radius of the central
telephone exchange. The central station is located at the telephone central office and
can accommodate 90) to I(X) lines.

The SR system seems to be more economical through a little modification.
The elimination of the cables around the outstations may give it more feasible
communication system in developing countries with a low densit% of population. It
is well-known that the cost of a communications system is a function of the
number and the length of cables. Some experts in the communications field
recommend that it is better to reduce the consumption of cable required for the
system its much as possible.

As an initial programme in the communications area, the implementation of
at pilot programme in line with the preceding scheme is recommended.

EDUCATION

Ai riiot;( i .iF IsiN hits been with us for about fort% years. it has not been able
to play a| significant educational role in developing countries. However micro-
electronics has been changing the role of television. Television actually substitutes
for a teacher where no teacher is a~ ailable. Students arc given the chance of
learning at home.

The development of computer-hased ir'structional s5stems hts moved into a
demonstration and dissemination phase. The educational promise of CAI (Com-
putcr-Aided Instruction) lies in its ability to indisidualise and personalise the
instructional processeN and to simulate experience,, not readily available. CAI
lessons can serve as text, test and tutor, while compelling students to be active
participants in their own learning. Students work at their own pace while their
('AI lesson monitors their progress and commonl, prevents them from continuing
to more advanced instruction unless mastery is demonstrated,

The most basic equipment used with ('Al includes a computer which stores
and transmits educational material and information by mcans of a specialised
computer language. The computer is less often seen by students and teachers than
the familiar learning stations. The learning station appears as a television or
teleprinter which displays instructions and graphic information and has at keyset
attached to it.

In the near future, we will see a rich array of educational svstem,. National
distributed computing networks will make it possible for universities to specialise
in areas of interest and to co-operatively share resources and programs without
concern for equipment or location, It will be possible to launch a communications
satellite, totally devoted to science and education, and eliminate distance as a
physical and economic barrier to the access and use of CAI programs.

The most significant trend is the positive change in the public attitude towards

:I*
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computers in education. The ever-widening acceptance and use of computers by
scientists, engineers, and businessmen, and the broad public enthusiasm for
programmable calculators and computer-based games is evidence of a trans-
formation in social values which will have a profound impact upon education in
the future. By 1990, the cost of computer-assisted instruction will be so cheap aid
its applications so broad that it will be viewed as an educational necessity.

This world-wide development will do much to contribute to advancing the
level of CAI acceptance. Currently, CAI activity in the United States has focussed
on basic skill development and has had its greatest impact on elementary and
secondary students. In the future. CAI utilisation will be extended to those areas
where teaching is currently difficult, hard to visualize. and almost impossible to
understand with current instructional systems. This means that the major utilisa-
tion of CAI will be centred at the preschool level and the higher end of
professional development.

ENERGY

iHE oi- CRisis has caused considerable attention to be paid to primary sources of
energy: solar. geothermal, wind, tides, ocean thermal, wave power. organic
materials and waste. Power sources applicable to many rural areas of developing
countries call for solar energy. The first half of this section leads up to the analysis
of the generation of electi-ical power from solar energy. the last half deals with the
energy savings due to the increase of energy efficiency.

Generation of electrical power from solar energy

Solar energy can be converted into electrical energy. The photoelectric effect
causes an electron to be emitted, thus generating a current when light strike,
certain substances. A wide variety of schemes have been proposed. but the onlN
one that has reached commercial development is the so-called photovoltaic etiect.
The heart of the photovoltaic power system is the solar cell. The most usual solar
cell consists of a tiny chip of silicon. Single-crystal silicon of extraordinarily high
purity is prepared and sliced into chips. one end of the chip is "doped" with a tiny
amount of a trivalent impurity such as phosphorous. These different impurities set
up a voltage gap across the 'junction' between the two portions. When i photon
of visible or ultraviolet light strikes such a cell, it creates a pair of charge carriers
(an electron and a "hole"), one of which drifts to the junction, and in the process
of travelling across the junction creates electric current. Such a cell can create at
most a large fraction of a volt and a small fraction of an ampere. By connecting a
number of such cells in series, the voltage can he raised to a high level, and by

A
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connecting a number of groups of cells in parallel, the current can be raised to a
higher level still. With the best presently available technology about 14 per cenl of
the incident solar energy can be converted into electricity, and there is hope that
this eliciency can be doubled. Makers of cells are also struggling to bring down
costs. Since nobody has yet found a simple and cheap way to get more sunshine
onto a photoVoltaic cell, large numbers of cells arc needed for any energy-
generating system. Costs will come down with volume production of single-crstal
silicon cells or with new dCvices utilising polycrystallinc silicon cells. I-urther
reductions will be achieved by making solar cells of less highly puriliCd silicon. h\
improving sawing methods and by the more ellicient assCLn)lbh of the modules.

Energy conservation by higher energy efficiency

Energ, consersation is \italh important to otr energy future. Fnerg. con-
servation is generally not limited IN technology, b)ut is limited In, economic
factors. And conscrvation here does not invokc signilicant changes in the
traditional growth of economic activities, changes in lifestyles, or major shifts
awav from energy-intensive activities, other than those that would result regard-
less of our o\crall economic assumptions.
(I) ' nergy savings in buildings can bc achiev.ed 1% using computers and co\ors

such things as: energy consumption: hourly shift and dail\ operating in-
formation: control utilisation by shift: performance information (stack gas
temperatures, steam pressures. etc.): electrical power generation. fuel usage.

water usage. purchased power. etc. and air quality information.
(2) Energy conservation in transportation involves measuring improvements in

the clliciency of transportation equipment: switching from eflicient to more
ellicient modes: and switching away for overwhelming dependence ol oil.
Energy saving is achieved through electronic engine control and fuel
management systems. Enginic control svstems use manv integrated circuits.
The main function of the system is to provide aI precisclx-controlled a]ir fuel
ratio to the catalytic converter. However. at microprocessor in the syrstlm also)
allows control over the following functions: electronic spark liming idling
speed: choke: chaust gas recirculation: gear-changineg: and chiust "toke.

MICROPROCESSOR APPLICATIONS TO
AGRO-INDUSTRY-FOOD PROCESSING

Till- (iRFN RIV()i t I( IN is being accelerated by the emerging technologies based
on microelectronics. Anong promising sectors of agro-industry,. food presers ation
and processing seem to be the most important and urgent subjects to ie

considered.

*l
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The microprocessor has not been intensively applied to food processing. Most
microprocessors are currently' used in such commercial OEM and computer-
oriented products a, tratfic control systems, blood analysis. data entry terminals.
point of sale terminals, cheque processors and automatic typesetting. One of the
historical reasons for this was the high cost of microprocessors. But recently the
costs of CPUs including hardware like memory. 1/O devices, clocks and others
have been considerably reduced.

In addition to the lower cost, the advantages of a microprocessor system over
the manual or semi-automatic system make it possible for the microprocessor to
be applied in food processing. The flexible programming obtainable with micro-
processors may give a detailed level of control. One area of the food processing
industry. yoghuit processing. depends on manual control. This manual process
consists of many in-out valves, temperature. mixing and level controls.

The old manual method often has problems with quality and process controls.
The microprocessor appears to warrant replacing manually operated process
control systems with an automated distributed process controller in order to
improve the quality and productivity. The process as originally designed is:

(1) Tanks for ,;kw materials like milk and additives
(2) Flow control valves which control inputs and outputs
(3) Mixing with level swit,.es and mixer on/off
(4) Temperature control with supe,'heated steam in/out and cooling water

in/out.
The process will be converted in the following stages by using a micro-

processor:
(I) Automatic process inpl and output with programmed timing
(2) Temperature sensing and control through automatic input and output of

steam and cold water
(3) Mixer control via main control system
(4) Operating software and debugging the hardware
(5) Microprocessor for the application is 8 bit and maximum menorv

capacity is 9 K of ROM and RAM.
Electronic monitoring systems have also been developed to provide readings,

on soil-moisture. More sophisticated use of computers is to forecast harvest dates.
It measures daily temperature at which there is no growth for each crop.

Agriculture is also benefitting from electronics in glasshouse culture. Fruit
and vegetables, among others, are being grown in greenhouses with a micro-
computer controlling water supply aind temperature and conserving energy. In
fact, the entire concept of agriculture is changing in accordance with this new digital
age.
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CONCLUSION

I WOULD LIKE TO QIJOTE again from Dr. Adam Osborne's statements: "We are
already five years into a new industrial revolution, the impact of which rivals the
first industrial revolution. Of all the jobs in the industrial world today, perhaps
half will be eliminated during the next 25 years ............ But. without
adequate planning we could be heading for a time of anguish and chaos. The
misuse of computers, for example, is already an urgent problem which must be
addressed immediately."

-ln developing the potential for microelectronics applications in developing
countries, it is important to consider the past performance of the national
economy, its current strengths and weaknesses, and the goals and targets set forth
by the planners for the future. And also the ability to regulate the inflow of
microelectronics technology depends upon the level of development of the
country concerned and local technological capacities in developing countries.
Many of the policies towards microelectronics technology inflow must be pursued
at considerable efforts for international action in order to exchange information
and strengthen each developing countries' knowledge of alternatives and practices.

Microelectronics technology has been developed in the developed countries
while most of the current R & D activity in developing countries is not directed
to the development of microelectronics technology. International assistance may
be needed to help provide resources of both finance and manpower to create
institutions to promote the inflow and application of this technology.



SECTION 2

International Transfer of Technology

In the whole field of technolog%. hut espciall , in that of in-
formatics. the developed countries are the main repositories of
knowledge and expertise. This puts developing countries at a
disadvantage in that while they are anxious to gain access to
informatics technology. they may lack sufticient knowledgc to
enable them to evaluate the best and most suitable hardware.
software and systems for their particular circumstances. Their
negotiating skills regarding imported technologies may also he
deficient. Another acute problem allecting developing countries
is that, having acquired the necessary computing facilities,. thex
may lack the educated personnel to make best use of the tech-
nology. This Section describes the activities of national and
international organisations in assisting the developing countries
to cope with the problems enumerated above and to promote the
transfer of informatics technology. Such transfer, however, is not
a simple process. It involves at wide spectrum, e.g. (iovernmenlls.
the higher education and industrial sectors etc. and can have very
marked social, economic and political effects.
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0 The Role of the United Nations
0Development Programme in Promoting
9Informatics

Erling Dessau
"\ United Natioas¥ Dev'elopmen~t Prog~ramme (I INDP)

I woULD LIKE To-z-ocusattention on three issues: first, development and in-
formatics, second, the UN role in promoting informatics in ,upport of develop-
ment and third, a particular aspect of UN efforts and particularly the UNDP on
setting up a development information network. The distinguished philosopher
from Denmark. Kierkegaard, has said that man shines his light forwards but
understands, usually, only backwards. It is a question of whether we can break
ihis vicious circle and provide tools to try to understand forwards also. The word
development, it has often been said. is a delightful concept that nobody can really
oppose. The root of the word development means unfolding. It is the realisation
of the potential of the human race.

DEVELOPMENT PROCESS

Ti- SlARIING P INT for my brief discourse is the Willy Brandt report on the
Programme for Survival. in which he discussed the various ingredients of the
development process. particularly the question of promoting self-reliance, transfer
of know-how, upgrading and increasing educational facilities, improving training.
facilitating the planning and decision-making process and finallv improving the
quality of life. particularly through the application of technical co-operation
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amongst the developing countries. The major difficult issue confronting uN. as%
spelled out in the B~randt report, is the serious question of povert,. We knowA
today that uIP to one billion People live in abject, absolute pox ert\ two to three
billion people on this earth are still ti the underdeveloped sector. There is high
infant mortality, at shortage of food, malnutrition, the encrgx crunch, the need for
new alternative cergy sources,, at lack of housivg. rapid urbanis;Ition. ensiron-
mental and pollution problems", at lack of' educational facilities and the related
need for tech nolog~' transfers. ft r a ppr. pri ate tech n. d. g, for ti'nkdii t ri all(
and for finding emiployment. ( onsequenthl\ anN infornmat ion sx stem muilst be

sitppo rt i xc to our ctoncern for and i h anlin il tfit Ncli basi1c I sso L'

TH-E UINITED) NATIONS SN'STEM

THlE UN syit-Nt has a ver\ great responsibilit\ tin prmtrl dcx L lopnricrit ;IN
understood in its broader sense. The (IN sN stern is act 11itie as a caal st ii mt
ways. The UNDP which is, as you miay kino\.% the largest finanicial aeeicc for
technical co-operation. is. together with its man\ co-operating and speci if isci
,Igents, such ats our sponsor for this Conference-U Nl Dl( )---su ppoi tit! atpo
gramme of many billions. I can just quote that for the current live-year period %kLc
are envisaging a programme of 61, billion LIS dollars-N tor the \artous act'it IL'

sponsored by the UNDP. and tin additioni we hav e the other UN agencics,.
including the International Fund for Agricultural IDexcloprient. the P~opulat ion
Fund. UNICEF, the World Food Programme. andf of course the World Banik
They are all heavily engaged in dex elopment activities, either through technicall
Co-operation or capital investment -

It is. of course. understood that out of this vatst amount of eMort, comipute1s
and informatics can naturally only play aI limited role, Hiover, in dfischarg~ing its'
responsibilities for furthering thle qualit\ of life andi feselopment. for the ilajorit\
of mankind, the UN i)1 arnd the specialiseif agencies are focussiiie their attentionl
increasingly on the applications, of informatics. It is realised that the role xs hich
the UN svstem can and must play is to educate people. tratisfer softwkare, in aI
broader sense know-how, not just computer programmnes but the whole spectrumi.
make data available. ensure reailv a ii if refliable in forni a3t itin to help) irit pret
information, create tniferstaifinig atid promote action and fecisoti -making: tin
brief. modfernise public life through informnatics and improx e the iIidUst riaf
process. And here I want to pay at special tribute to the UJNIDO activities w.hich
have been already widely disctussedf anid which will be discussed further.
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THE UNITED NATIONS DEVELOPMENT PROGRAMME

Tin; UNDP and its agencies have been supporting the setting up of national
informatics centres, promoting education and research. as I have already men-
tioned. also supporting various industrial projects in which computers play a strict
role. Microprocessors in real time dedicated systems for management. control and
planning of essential economic activities is one of the new areas in which we are
involved, also computer assisted design and numerical control. The developing
countries. as you mlay know. carrv out only 5 per cent of the world's research and

development activities. Their participation is often hampered by economic factors,
and also because of the lack of information. We consider it crucial to support the

marketing of technology, marketing both making the product available physically

and learning how to apply it since even when know-how is available it cannot be

easily put to use without assistance. Therefore appropriate information must be

provided and appropriate information and technologies are the problem of the day.

THE UNDP INFORMATION NETWORK

IFI MFit CONTINtE now to specially mention the development information network.
where UNDP has been preparing what they think is the response to some of the
needs which I have just briefly outlined. Recognising that inforrmation is the very
ignition key to the engine of multi-purpose co-operation among the developing
countries in respect of trade, technical and industrial collaboration. economic
development and joint research activities, it must be made available: also realising
that about 9() per cent of all information flows in a North/South direction and only
I1t per cent or so is South/South. which means that the developing world is to the
greatest extent depending on the information coming from the industrialized and
developed countries, this is the process which perhaps this development in-
formation network can break. The distortion of the 1980's image of human
communication lies behind many of the problems that confront this planet and it
is necessary and urgent to search f, - a new and more just. more universal.
beneficial and more dynamic international economic system. This must he based
upon the symbiotic relationships between communication and development. The
development information network proposal is that a new flow of information with
distinct characteristics can be created through a South/South system, based upon
microcomputers and assisted by a satellite-based telecommunication network and
providing a full horizontal exchange of mutually supportive development ir-
formation between these developing countries.
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The develt pment information network is a project which is envisaged to last
about fcwr years and the idea is to set up something like sixty national bureaus in
the developing countries. The idea is to generate a two-way flow of development
information. The information flow will be of current economic and financial and
trade data, technical and social development data. also in-depth analyses, statistics
and facts. It should be timely and readily available. The information will cover
such areas as current national and international economic trends. includin,
financial or balance of payments situations, prices of raw materials and com-
modities, capital formation and investment and lending opportunities and other
business opportunities. It will also provide information about science and tech-
nology related development. We hope that innovation somewhere out in the rural
areas can be readily packed and brought into the centre and then transmitted to
other centres in the developing world and thence sent out to the rural areas again.
where all such discoveries are made.

The question I would like to propose, in summing up. and perhaps for the
workshop discussion, is to ask is this kind of development information network an
answer to real needs'? Is such an approach at all feasible? Is it relevant and
bcneticial? Do we. through such an elort promote the small, the medium or the
large industries? Who will monitor the information, edit it and iransnit it? ()ur
project. which is being promoted now, calls for four years of declopmeni
activities for setting up the 6( national focus centres to ilie tine of some 3t)
million dollars. And of course the support has come in from many sources ald xe
arc now ii the phase of in-depth soul-searching to see whether it responds. as I
lust mentioned, to the real needs. The question is, are we dreaming. are we nax e
or are we realistic? Will and can information lead us to a better life'? As vou iiaN

knov Oscar Morgenstern once said: "Information in itself is silent: it is the use to
which it is put that is important.'"
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INTRDUCT IO N

v arious fields. U9NE~SCO's .ctri itic' III iiit,11riaiic' iiai\C tck.n 'ftircitcd for ilit
1981/198)3 trienniuml. This igio~xfli ill t1 li l int 111.11tic' 11109!An11% 11 pirticuilirk
gecared towards piroiding necccssanr a; ii cc 10 t hi dCcL~~f 'i .p!n connIri*cN 10

cinabic them to take ad'antavc tit prcsent and futurc capahihitrc itt intirnatic'.
tech nology. To ach ic'c th is pu rpose. tian "'c an d adapt at i'l 4f ppr pr iatc:
technology' in informiatics is % crx iMuch CmpljhaSI,'cd. imI itrodalitics h\ Mhich-
UANESCO) is contributing to th t ransfcer and adapt at ion of info rmiatics t c loii oe
arc described and a brief analyx'sis of th tc Classifticatio tit n 1ion acco rding to their
dei~clopment in informatics is presented.

CLASSIFICATION OF NATIONS ACCORD)ING
TO THEIR DEVELOPME~NT IN INFORNIATICS

I it- UN Ii (iN%1i ANOIA ~i COUNCII proposed (Lunited Nation'. lOT I that nations
could he classified into four categories according it) thcir lc~ cI of dc,,clopnrnt inl
infornmatics: initial. basic. operational, and advanced. "Yo appreciate t hc arict\ of
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requirements for effective transfer and adaptation of informatics technology. this
suinniary presents an analysis of the classilication based on the current situation.

Countries in the advanced stage of dexelopnient in informatics continue to
achieve accelerated progress in the technology. Assisted bv discoci ies in micro-
electronics, which led to the realisation of microprocessors. they, have been able to
expand the application of informatics be ond mere data processing to include
activities on the production line. includineti robotics and process control. They
have been able to advance the technology of microelectronics into vers large scale
integraLlon (VLSI), which made it possible to put up to l1t0,.000 transistors on .4
chip bx 1)80. The forecast was that. by the end of the 1t98rs. it k.ould be possible
to put up to 1.)(),000)t transistors on a chip. The effect of this miniaturization ot
products. including computers. is leading to availabilitv, in large numbers, of
microcomputers. which are cheaper considering their capability. In these ad-
%anced countries, home computers have been introduced into the consumer
market demonstrating the extent of the impact of informatics. Furthermore.
informatics technology applications include space prob. ,, remote sensing,. data
base and data communication networks, data processing as well as secretarial (e.g.
word processing) activities. There exists a complete range of high quality training
and education in informatics which is well complemented by the actixities of
professional societies including national and international conferences. The
national economy of these countries is boosted by informatics activities.

Countries at the operational level of development in inforniatics will be able
to adapt the technology provided there is appropriate transfer from the advanced
countries. The rate of progress in Technology is ver% rapid and countrie, at this
level need to accelerate their effort if they want to catch up with those at the
advanced stage. At this operational stage, however, go\einment is no longer
dependent on the advice of manufacturer's salesmen because an extensive under-
standing of informatics technology exists in the public and private sectors,.
Component service can be obtained from specialists who operate local computer
installations. In addition to business applications, computers are used in such
fields as science. engineering and medicine where these activities involve design.
development and production of software and some hardware manufacturing. Of
course, the standard of informatics education in countries at this level is very high.
However. informatics technology has not been having an appreciable incremental
effect on the economy but its application is gaining molentum.

Countries at the baxic level of development in informatics ha\c to learn from
those at the operational level as well as those at the advanced level in order to
leap-frog and catch-up with de\elopments. Transfer of technology to countries at
the basic level from countries at the operational level may be appropriate in terms
of the possible rate of adaptation but it is not sufficient in terms of the progressive
advance in technology. Direct transfer from countries in the advanced stage of the
technology to the basic coupled with those from the operational stage will be
more advantageous for developmental purposes. In countries at the basic level of
development in informatics. some nationals are already involved in informatics-
related activities and some informatics training and education exists. Govern-
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ments and private decision centres ha\e begun to understand the role that
informatics can play. and computers are used in basic government and husiness
operations but hardware and software are mainly imported. Thus informatics
activities in such countries constitute a drain on the econonlN.

The countries at the initial level of development in informatics are those
where only a few nationals have contact with informatics. There is no computer
installation operating in government and the main source of information relating

to informatics are often manufacturers' salesmen. These countries need to be
encouraged to learn from the first three so as to have an appropriate mix of
experience for the purpose of transfer of appropriate technology. Many poor
countries are in this category and one of the factors contributing to their inability
to benefit from infornatics technologN is its cost.

EDUCATION AND TRAINING OF PERSONNEL AS A
MEANS OF TRANSFERRING TECHNOLOGY

UNESCO IS VERY CON(ERNED with the education and training of personnel as'a
vehicle for appropriate transfer and adaptation of technology. Several recom-
mendations of the SPIN Conference underlined the importance of education in
informatics and stressed that UNESCO should strengthen its programme to
enhance informatics education at different levels including post-university. uni-
versity and pre-uni\ersity. as well its public awareness education.

In response to this call. UNESCO. in its informatics programme for the
1981/1983 triennium. decided to increase its support for post-graduate training
courses in inforniatics and to encourage the establishment of centres of excellence
in the discipline. The following post-graduate training courses will be supported:

Computer Science. University of Lagos. Nigeria
Computer Management Studies. University of London. U.K.. and
Mathematics and Informatics applied to Research, University of Bucharest,
Rumania.

Other training courses which will be supported during the triennium include:
International training course in computer technology. Tokyo, Japan:
Computer applications in industry and management. University of Patras.
Greece:
Informatics training course. Institut Africain d'Informatique, Libreville.
Gabon:
Training course in computer science, China.

All the courses will be encouraged to admit candidates from many developing
countrit.,. and to provide practical and relevant experience to the candidates.
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RESEARCH AND) APPLICATION OF INFORMATICS
TO DEVELOPMIENT

At so I-. i ti ~it Il 'R \I I s RAM1tiS. international joint researc h projects arc
planned inl order to speed uIP informiatics actix itres Ii dec loping countries,
Sevecral national research institutions will be encouraged to undertake joint
research projects which should attract international support. Joint participation of
national research institutions in both industrialized and dCx eloping cou~ntries, will
be promoted. thus creating channels for effective transfer of technolov%.
Encouragemenit will be given for regular exchanges of R - 1) staf.

Projects in olving infortnatics applications in support of development will be
accorded prioritv. particularly in the countries least advanced in informatic". 10
assist in identift'in g such projectN and to create at forum for exchange: of
experiences iti applications areas,. seminars and workshops hiave beeni or arc beingII planned for ditferent regions,.

To encourage lateral transfer of informatics tcchnologx amiong count ries iil
the samne region. IN ES( ( has been promoting the establishment of regional
networks of informiatic centres. Initially each tietwork will comnprise existing
itiformatic institutions which will co-operate Ii research and dlexeloptuent. solu-
tion oif comnmon problems in hardware and software procuremnent and main-
tenanice. exchange of personnel. and training. Activities, were initiated in the
1979 ; I( 8(l biennium by organising regional mneetings of compu-1-ter cenitre directors
in Africa. L atini America. South and Central Asia. and South Fast Asia: the
regional meeting for Arabh States, will be held in I11

At the request of Memiber Stattes, advice hats been and will continue to ble
provided towards the formulationl anrd implementation oif national strategies, arnd
policies in informatics. G reat use will continue to bie miade of tI NFS('s
int ern at ion al comnpete nce and l ln t acts ito provide sc rvices of cl iItait s anitd stalf
tnmers to Member States,.

DEVEMAPNIENT OF INTERNATIONAL CO-OPERATION

'tIlli I Vi III RwxStI I: of teelirtolog\ especially inl infotmatics. there should exist ain
averttie for in terntat in al co-ope ration.t In fo rma tics being ani inttel lect ual actkiit\
deteloped from ant amialgamlationi of disciplines and technoloiigies it Could be Ih..,
its benetit should be shared by the international communitv in the spirit oif the
new international ecoitomic order. Interaction between infortmatics specialists,
from industriali/ed and( developing countries is at rational means of exchanging
ideas aid( experience.

UNESCO encourages cross-fertilisation of ideas by promnoting and support-
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ing activities of' Non-Governmiental Organizations (NG( ) in infornialics. Ihe
International Federation for Information Processing (IFIP). founded under the
auspices, of U NESCO in I 95N,. is at leading NGO in infortnatics. At the 11:11P
Congress 'N4) held in Tokyo and Melbourne, UNESCO arranged the participation
of about 30) informatics specialists fromn developing counltricN. 11-1 P sAit h thc
suipport of U NESCO established the IFI P Committee oin I nformiatics for
lDevelopmient (IC! [) to encourage participation of informiat ics speciali-,ts front
tle, eloping countries inl IFIPI acti'.ities, and thus, enhance international co-opera-
tion in thle advanZHCed tcchnolop. This committee orvanised semninars, on mricro-

p)r~cesso(rs/tmicrocomiiptters, and Computer networks, in Ankara. Turke'. onl data
comminiic at ions, inl I ndi a and oi Com put ers in declci ipi ng niathins. as, part (if

activities in IFIP Congress '80. In collaboration with the Computer Association of
Nigeria, I] organised an international conference on applications of inii- and
microcomputers in the University of Ibadan, in 1981. Informatics '81. an inter-
national symposium on Informatics for Development was organized bN ICID in New
Delhi. India. Other seminars and workshops supported by the same committee in
1981 and, of course. by UNESCO. included: Working Conference on Computer
Applications in Food and Agricultural Enigineeritig. in Cuba: and European
Symposium on Data Communications/COMNET '81. in Budapest. Hungar%.

Ili addition to utili/ing the competence and resouirces oif rele'.ant initcr-
national NGi( s to benefit developing countries. UN ESCO'( has co-operated inl its

informnatics programttte. with oither organisations of the United Nations sNystem as
wvell as, with intergoverntriental organisations such as OECD) arid EEC. Col-
I abi wat it m with the hItcerg 'vein melt a I c au for In formnat is (I11I1) is, well
maintained.

INF~ORMATION ON INFORMATICS

At tl in Nt ii NAtIONs ( i )NP:FRiN(l on Science and Technology for D~eveloptment

(L.JNCSTI)) held in Vietina in 1 979, the importatnce of access to technological
information by dev'elo)ping countries was verv much emiphasised. Also at thle SPIN
Cotnference referred to earlier. dissemntion of informatiotn on itiformiatics was
identified ats one of the important means of transferring tech nological know-how.
To reduce the communication gap between developed and developing counitries,
UNESCO has included in its infornaties programme anl important publishing
programme.

The Organisation published a brochure called "Informatics: a vital factor in
development- (UNESCO, 1990) meant for the general educated public: this
describhes UNESCO's activities in the field of informatics and] its applications.

Also to be published is a documetnt entitled: *'Bibltographv on recent



INt IRMA II(S ANt) lNi)1 S tIRIAI ){\ I1 (iPiN I

literature on strategies and policies for informatics". In addition. a comparative
study on strategies and policies for informatics is being prepared and a study will
be undertaken to compile information on computer science information centres.
educational and training establishments and courses otfered. research and
e xperimental development institutions, research opportunities and fellowships.

To have a proper framework for the dissemination of the information and to
meet one of the aspirations of Member States concerning informatics expressed at
the General Conference of the Organisation in Belgrade. Yugoslavia, September
and October 1)80). efforts are being made to set up a clearing house for
information exchange. In addition to the dissemination of information on in-
formatics generated by UNES('O, this clearing house "sill encourage Me mbcr
States to utili/e its resources for mutual information exchangc on stratcgic,, and
policies, research and de\elopment, and national Icegislation on. as well a,
application of. informatics.

ACTION PROGRAMME IN MICROCOMPUTERS
AND MINICOMPITERS

IN Ilt IM t, F-MtNIA O, of UNES('()'s action programme in micro- and minicom-
puters, a pilot project to establish microcomputer laboratoric, in de, eloping
countries is planned. This project will include purchase of equipment. trans-
portation, installation and training of stat. Initiall,. the nicrocomnputer lacilit\ in
UNESCO headquarters will cater for training and cvaluation purpt,,c,,.

Support will be given to institutions in developing countries. especiallk
teaching and research institutions for the establishment of minicomputer centre,.
In addition, advisory services will be provided on request for the establishment of
minicomputer centres, e.g. assistance in definition of purpose. requirements.
procurement. installation. managCement and staffing.

(CONCL1USION

TiH- I -()R[t(iolIN(i I StR,'\l- s 'NItS(("' activities in the appropriate transfer and
adaptation of the advanced technology of informatics to the developing countries.
The programme reflects the important principle that, for effective transfer, the
technology should be introduced in the context of indigenous capability. There
has been increasing recognition that technology in general cannot merely be
imported and applied effectively: in most instances it needs to be adapted to suit
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the new environment, different economic situations, governmental or community

policies, and different social and cultural factors.
These principles contribute to the design of UNESCO's programme in

informatics which strongly emphasiscs the development of indigenous capacities
through education and training, workshops and seminars, development and
implementation of national strategies and policies, interaction between infor-
matics experts from developing and industrialized countries, practical activities
including the application of micro- and minicomputers, and information on

informatics.
UNESCO is ready to promote co-operation and assist in applying informatics

to development.
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INTRODUCTION

Ti-E INFORMAI it'S T-t'ItNox)u.y(i transfer process has specific characteristics which are
additional to the general aspects of technology transfer problems. Current
scientific and technical progress attributes a key role to technology, in its various
fields, for the social and economic development of countries. Revolutionar,
technologies in the field of informa~ics have developed rapidly, taking a place of
essential importance in the organisation, control and evolution of all aspects in the
life of our society. The contribution of informatics technology, which requires no
explanatioti *primarily covers key issues in economic development, such as public
administration and management, information on economic and human resources
and control of production.

The transfer of informatics technology is therefore subject to specific national
policies and international co-operation in which technology is considered an
instrument of independent economic development.,

National policies: Formulation of national policies regulating technology transfer
in developing countries is important for informatics technology, which is linked to
the specific aim of independent development and of avoiding or reducing tech-
nological dependence in this sector.

International actions: International co-operation promoted by international spe-
cialised agencies is associated with the action of national policies in planning the
installation of informatics equipment and services of foreign origin, and in
developing negotiating capacity vis-a-vis the major producing companies in order

6)
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to counteract technological dependence on these companies and to maintain
adequate national technical and scientific progress.

The main objective of co-operation provided by the international agencies to
member countries consists of promoting the capacity of the least developed
countries to exercise their independent judgement when negotiating on tech-
nology transfer. Thus, in the field of informatics, they favour the free flow of
information and knowledge with respect to the world market for informatics
equipment, services and software by means of periodic publications, seminars and
working groups. dealing with national policies and strategies and informatics
methodologies and systems.

IBI ACTIVITIES IN INFORMATICS
TECHNOLOGY TRANSFER

IBI INTENDS to establish itself from a technical, scientific and political viewpoint as
an 'institutional organisation' in the field of informatics technology transfer.
Moreover, it intends to act as a promoter of regulations in this field. specifically in
the sector of informatics applications. The policy of IBI as an intergonernmental
body in the field of informatics mainly promoting its use in developing countries
will be one of reconciling the needs of the manufacturers, managers and users.

This involves the responsibility of proposing policies necessary for the use of
informatics systems. Such xlicies should also concern the legal and legislative
sector, particularly for transmission networks, whether national or international.

SPIN Conference and the New Informatics: The SPIN Conference (Conference on
Strategies and Policies for Informatics), held in Torremolinos (Spain) in August
1978, represented . milestone in the life of IBI, and conferred upon it respon-
sibility for promoting the policies for the 'new' informatics, which consist of
analysing and forecasting the impact of informatics on society through:

(a) the applications of microcomputers:
(b) the social, scientific and cultural impact of the compilation and management

of data bases:
(c) above all, the proper distribution of information and computation

capacity through the use of teleinformatics.

Department of Co-operation: To execute the new policies on science and tech-
nology dissemination and the use of informatics, the structure of IBI wits changed.
To promote the indigenous capacity of member countries. especially developing
ones, the Department of Co-operation was created, and with the aim of transfer-
ring advanced technology applications to developing countries, some activity hits
already taken place. The activities of the Department of Co-operation in the fied
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of the technological transfer are:
(a) assistance and co-operation missions for policy planning for member

states:
(b) specialisation courses:
(c) flying seminars:
(d) pilot projects.
Pilot projects were considered the most efficient means for technology

transfer. The most important ones, at present in operation, concern the following
sectors:

Judicial and l[Agislative Informatics: This system is in action at the Electronic
Documentation Centre of the Italian Supreme Court of Cassazione in Rome. It
was set up to provide magistrates. attorneys and others engaged in the field of
law. as well as. in the future, every citizen, with all information required for
knowledge and application of the law. It is also, in co-operation with the Ministry
of Justice, aimed at automating the services of the Supreme Court and of the
other judicial offices. The system will also be used by the Argentine Government.

Parliamentary Informatics: This system is in action at Camera dei Deputati in
Italy. Since April 198) a number of meetings have been held, and studies and
analyses carried out on the priorities for computerising the data on parliamentary
activity and the possibility of adapting the information that already exists in the
Argentinian Congress to be used once it has been recorded and encoded by the
Chamber of Deputies' system.

To create the parliamentary data programme of the legal informatics project,
a Commission in the IBI Projects Department. composed of professional stal and
technicians from the Italian Chamber of Deputies. has been established.

Arabisation of Informatics: The project comprises writing input and output utility
programmes in Arabic. making the necessary changes to the file systems for
introducing these characters, making the necessary studies and changes to links
with specific peripherals. The Arabisation process will be completed at the level of
programme-users. This project is being set up for the Tunisian Government.

Transcription of LEDA software: A project to standardise data during the
compilation of statistics, specially surveys and censuses to be presented in
tabular form. This project is being set up for the Moroccan Statistics Aulthority.

AIDS Data Ase- In relation to technoIogy transfer. 1111 felt that there should be a,
data base to provide an information storage and dissemination service for users in
developing countries. Accordingly, the Automated Informatics Documentation
System (AIDS) was created.

This system was conceived its at tool to help decision-making by national
authorities responsible for informatics. They receive the information from the
system and, in turn. feed information into it thereby enriching it with their own
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data. Thus, AIDS becomes, in a way, the common memory of its users. The AIDS
Central Unit supplies its corresponding institution regularly with a complete copy
of its documentation (e.g. information on informatics policies and legislation.
national informatics plans. bases installed. computer industry. computer ap-
plications in the public sector, etc).

The functioning of the AIDS network is based on a convention which defines
the framework within which practical modalities are adhered to.

The official linking to the EURONET-DIANE network opens up further
development prospects for AIDS. IBI is examining the possibility of offering its
installation as host, thus allowing on-line access to the AIDS base by users of the
network. Such a feasibility study involves the examination of prospects for future
connections with countries outside Europe-as already foreseen in the EURONET
project for countries belonging to the Lom6 Convention-and the possible
extension of links to other areas with special attention to developing countries.
possibly using existing transmission networks.

IBI'S PROGRAMME FOR THE BIENNIUM
1981-1982

Decentralisation and Regional Centres: In regard to informatics. the fundamental
feature of the 1981-1982 biennium is one of creating structures to enable the
Organisation to acquire the potential for expanding activities appropriate to its
constitution, without necessarily incurring an increase in administrative costs and
personnel.

To this end regional centres will be set up, an important activity of each
centre being that of offering logistic and administrative support to IBI activity in
the region. This decentralisation will allow more efficient functioning of the
Organisation, providing relevant technical assistance or training and adequate for
the conditions of the region and its social economic environment.

Informatics Development Fund: The favourable conclusions of a study in 1979 led to
a proposal for creating an Inform atics Development Fund. This fund will provide
loans and guarantees for obtaining international financing for equipment procure-
ment. systems and software development, and for carrying out feasibility studies. As
in the past. IBi will continue to advise, on each project while maintaining control of
its execution.

IBrs Institute for Informatics Deveiopment: An IBI Institute for Informatics
Development will be created in Italy, accommodating 30-40 people, offices,
classrooms and research areas. It will offer, to senior officials and experts of
Member Countries, high level, short-term, courses and seminars related to
informatics and policy-making.
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Pilot Projects for biennium 1981-1982: The valuable experience already,
gained by IBI with current pilot projects has led to the establishment of a general
plan for pilot projects, in their constitutional, oiganisational and operational
aspects.

Proposals for new projects for the next biennium will be agreed between
countries concerned and IBI according to the interest of the countries and up to
approved amounts. Among projects which may be examined and agreed upon.
the following are at an advanced stage of definition:

Pilot Teleprocessing System: The object of this is to establish a pilot teleprocessing
system allowing commencement of a training and experimental programme for
technical personnel on a data transmission network based on the package switch- ,
ing technique, and it may be the basis for establishing a Switched Public Data
Transmission Network.

The Automated Preparation of Postal Despatches: Handling bulky objects such as
parcel post, printed matter and nonstandardised objects is an onerous task because
of dimensions, weight, and quantity, making manual operation necessary for
distribution and despatch.

Cadastral Information System: This system is a network of interconnected data
banks, connection with and consultation of which can raise technical problems
not yet resolved. Solutions could be facilitated by creating standardisation criteria.

Classification of Territory through Image Processing: This project is based on
microcomputer with all the necessary peripherals for the operations of display
processing and restitution of the image (video, plotter etc.) connected to a host for
cartographic data base enquiry and other applications.

Joint Action Programmes: These are seen as lasting five years for the in-
formatisation of key sectors of the national administration of the beneficiary
country. Such programmes are carried out thanks to a threefold participation: a
beneficiary Member Country (from among the least favoured countries), a sup-
plying Member Country (from among the developed or developing countries), and
IBI. Assistance will cover training, equipment and systems. Naturally.
mechanisms for the control and follow up of the projects through their execution
will be supplied. Financing of these Programmes will fall under the charges of the
three parties.
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Role of UNIDO in the International

0Transfer of Technology

G.S. Gouri
United Naiions Industrial Development Organization

( UNIDO), Vienna

INTRODUCTION

-WI .,\Rt- IN iii-. IJ)s5 of an information explosion. Challenged by this situation and
at the same time faced with the increasing demand for acquiring that information
in a usable way, substantial developments have taken place in hardware. primarily
through computer facilities and the marriage of computers and telecom-
munications. This has further resulted in the development of systems and ap-
proaches to compile, process and retrieve information as easily and as in-
expensively as possible. The current estimate of available data banks is well over
200, the majority in the United States.

Existing informatic,, systems facilitate access to a vast amount of information.
but what is available is c ,,cntially information about information: i.e. addresses.
abstracts, references. etc. and not the information itself. There is an assumption
that the user will have facilities; to obtain total information from printed material.
books, articles, etc. The end user would very often like to refer to the totalitv of
information of his special interest so as to contribute to the desired end result of
his search. Therefore, 'the problem of availability of detailed information appears
to be an important bottleneck The problem, however. may be much simpler in
regard to information retrieval from a book or data bank since it could be easily
obtained from numerous data banks which are decloping, assuming. of course.
the end user makes very clear requests about the subject he is researching.

--5There is also the problem of imperfection of the user-Systen interface. From
the viewpoint of the user, the data base is the work of document scanners.
analysts. abstractors and indexers but it is possible that item,, ial bie nisscd or

"5
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that the level of understanding of their content may not have been complete
enough. In any case, the user will have to interrogate the data base using a
retrieval language which is not quite as lexible as natural language. Some of these
problems have demonstrated the need for intermediaries to act for the end user
on the terminal: the intermediary having a professional knowledge of the struc-

ture of the relevant data base and information retrieval systemns. The number of
such intermediaries or the capacity of such intermediaries is also subject t6
question since the end users are not hologeneous alnd serious problems arc
created in fulfilling their requirements.

The main problem. however, is whether data exists which is needed by the

end user. particularly in the field of industrial development in the developing
countries. Recent UNIDO experience has shown that the usefulness of available
data through the existing system is not directly relevant for decision-making
purposes. The bulk of information that has been developed seems better suited to

researchers, scientific personnel and R and D personnel than to Government.
officials who have to make decisions, or entrepreneurs who have to negotiate the
contracts.

INFORMATION REQUIRED FOR SELECTION AND USE OF
TECHNOLOGIES

Tw- END USERS of the information system include policy and decision-makers in
Governments, financial institutions, manufacturers and potential entrepreneurs,
Chambers of Commerce, technical institutions as well as research and develop-
ment organizations, etc. A chain of these end users interact at different stages to
facilitate the transfer and absorption of technology, with implications for choice of
technology and the negotiation of terms and conditions for the acquisition of such
technology. This could also be expressed in another way: the various stages of a
project development involve feasibility studies, detailed project reports. nego-
tiation of contracts. construction, and operation of a factory. Information is
required at diffcrent stages of the project cycle. In all these matters, the basic
decision will revolve around a choice and use of technology. In order to make
such a choice, it is necessary to have detailed information on the various
technological options available, their proven commercial nature, special ad-
vantages to suit specific situations, prices of equipment. and follow-up matters
over the life of that technology in production.

Information on all these aspects is very scattered and not readily available
unless a special effort is made to gather, access .,d provide certain options with a
specific request or a project in mind. Even the collection of information presents

problems as technology comes in various forms.'being often embodied in equip-
ment but also in vital but costly technical documentation. Consequently. in-
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formation considered critical for decision-making purposes Would ha c to be
specially compiled, reviewed and made available as information packages. No
doubt, the existing science and technology information (STI) svstern provides
some information but it is only the beginning of the type of exercise mentioned.

Since it is a specialised area of work, UNIDO has tried to pro- ide critical
information on the subject areas mentioned above through the Industrial and
Technological Information Bank (INTIB). This institution was established as a
part of UNIDO, first on a pilot basis and, as of 198( as a constituent body of
UNIDO. Its main function is to provide information to developing countries
which permits the proper selection of technologies. Its other functions include:

(a) broadening the base of knowledge on available technologies and iden-
tifying alternative technologies, both quantitatively and qualitatively.

(b) providing details of alternative technologies in the various industrial
sectors and the criteria for selecting from among them. It also provides
guidelines for choosing technologies that would help developing countries
in assessing the full implication of their choices:

(c) providing information and advice on the unpackaging of technologies.
The ability of developing countries to separate the cost of know-how
from that of hardware, engineering and other services depends on the
capability of assessing each component separately:

(d) supplying analyses of the results of operating different technologies in
various economic and social environments.

INDUSTRIAL AND TECHNOLOGICAL INFORMATION BANK (INTIB)

TIF WORK OF INTIB comprises three components which represent three distinct
stages in the flow of technological information covering the 'up stream', 'down-
stream' and dissemination aspects:

(i) generation of technological information, including the establishment of a
networking system for INTIB:

(ii) dissemination of information by INTIB: and
(iii) identification of, and establishment of, linkages with and among INTIB

clients.
Since user needs finally determine the nature and content of information

flow, it is appropriate to start with item (iii) above.

Linkages with and among INTIB Clients

The objective is to develop linkages and communications with end-users of
INTIB in developing countries, in particular through regional, sub-regional and
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national institutions so as to disseminate relevant information based on needs and
to promote greater availability and utilization of such information in decision-
making processes, namely planning and financing agencies- investment authori-
ties: industrial development agencies. technology registries and regulation agen-
cies: industrial and technological information centres: R and D centres: and
enterprises.

The task of promoting INTB services to target end-users and interacting with
them is done by systematically informing end-user institutions on the sersices
available from INTIB and eliciting their information needs. In addition. INTIB
services are discussed in important international meetings.

Given the importance of technology selection, it is useful to dcelop groups
of developing country end-user institutions which can articulate their current
information needs (as derived from the national .e) elopment programmes and
also exchange information and contribute to sirciethening each other. Periodical
meetings of heads of technology transfer registries led to the establishment of the
Technological Information Exchange System (TIES) which has enhanced the field of
technology acquisition by up-grading the type and quality of information and
imparting dynamism to co-operation and information exchange. Likewise. end-user
institutions such as development financing agencies. investment authorities. R and D
centres, etc. could serve a useful purpose. inter alia. providing UNIDO with current
information on sectors and areas in which they are likely to have substantial
information needs. It is proposed to organize meetings of end-user groups in selected
INTIB sectors and thus briog the services of INTIB to as close a contact with actual
decision-making as possible.

Networking with Sources of Information

The objective of this "'upstream" activity is to generate tech telical in-
formation relating to the pre-investment choice of technology in the 20 industrial
sectors selected for operation of INTIB: and to establish and develop the INTIB
network of suppliers of technological information and improe its flow. This
feature of INTIB distinguishes it front 'data bank' or other storage-oriented
activities and is of particular importance. in view of both limited resources and
expanding sources oi information.

The activity involves identifying top-level experts who have necessar\ in-
formation 'on their finger tips' and can advise INTIB and decision-makers in
developing countries on technology selection and evaluation at the ',e -in\estment
stage. Agreements are being made with 50 to 70 international expci ts in v arious
INTIB sectors, as the first phase in creating a data base of experts capable of
answering specific inquiries on recent and forthcoming activities and dcvclop-
ments in the technologies in question. Another activity has been to broaden the
base of institutiona! correspondents to cover more INTIIB sectors, ensuring good
geographical distribution. Emphasis is being given to identifying correspondent
centres of excellence' in the developing countries. The Directory of Information
Systems and Services in Developing Countries would also provide a basis for
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sources of information fromi lies ciping countries. In addition to I\%o \olumecs of
inifornmation on T'chrnologies frm deL-eloping coutartes alreadV' published,' a third
volume is being produced.

IDissemination of Information

In regard it) in forniatin dissemrination liv I NII B inquiries relating to
technolog\ selection wvill he answcrcoU through the Industrial lnquirN Ser,.ice but
using the INTIB network (including UIDOlf( technical staf and pros ing pro-
cessed in format ion in icc h n ulog select iin. In add itio n. in form at ion di s-
sernination fix I N'il will includeI the preparation and dissemination of tech-
nological infol'ination profiles on the selected sector,, allow.ing comparison of' the
principal industrial and technical data. Such profile,, are being prepared in areas

sh ssolar encrgx equipmnent. alcohol fuels,. and pum~ps for agriculture. The first
tMO respond to the emphasis on dissemination of Infornmation on energ.\-related
technologies niade h1% the Ness IDell.i D~eclaration and Plan of Action. I he pumnp
Ntud\ IN a folios.-LLil to) a recornintendation fromt at Consultation mleeting on)
agricultural nrichincr\.

In addition. as substantial u1ser dcnlands, arc identified, information packages
relatinit ito rechnoloi!\ A-.- in the rcles ant Marea of deman11d are prepared using

f material as ~iilable at Il IX) headquarters.
I ! ~IN]] II has SOugh 01 proot a~)111 nd mntarin cotacts %k iih other intorniation

Ns sters and sers ices, in keeping s'.itli the role errsisaged for -it in the global
network of technologi1cal Informration. O ther UN information systemis are being
utili/ed to ire[i specific requtrireerts f ir information. The work of preparing
technical rmemonranda in co-operation v'.ith 11_ is, continuing. In co-operation wVith
WIPO. users' guides to patent informiation in the iron and steel. fertilisers.
agro-industries and, agricultural miachinery sectors have been prepared.

Through its netwvorking activities alread\ described. INTrII is geared to fulfil
its CxpCLted role in at global industrial and technological information network. Its
distinguishing feature when compared to other systemns is that it operates as a
service, and not ats a bibliographic. documentary or referral systemn. Its mission is
not to provide documnntarx or 'raw' information per ye. but processed information
of immediate rekL anCe ito technology selection. Such practical services have been
welcomed bN users in developing countries and INT113 will assumne increasingly
speciali/ed functions to has e the greatest possible contact with and relevance to
practical decision- making.

tksteopment and rransfer (if lcthntlogy. Series 7 and 7(11).
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STRENGTHENING THE CAPACIT'Y F I)EVELOPING COUNTRIES
TO NEGOTIATE THE ACQUISITION OF TECHNOLOGIES

IN (; -:-R.,\i information on tcchnolog contracting is hard to come by. Since this
has usually been considered a matter for negotiation between two paities,.
information available to each part\ depends on their ability to marshal and use it
effectively for negotiations. Unless better information systems pertaining to terms
and conditions of acquisition of technology exist, the negotiating capacities of the
developing countries will remain one-sided and weak. Information. in this con-
nection, is also needed on legislative and administrati\e matters,. including poli-
cies. norms and procedures followed by participating countries. To permit better
choice of technology and to obtain better conditions, information is also needed
on indigenous technologies, services and facilities. More specificall\. basic in-
formation is needed on prices of know-how, engineering, technical service,,, etc.:
royalty rates: methods of calculating running and fixed payments: prices and
terms of delivery of raw materials, components. and intermediate products: scope
of sales and manufacturing rights: duration of agreements: and analysis of in-
formation based on sectoral investigation as well as that received by monitoring
selected t,:ansactions.

During the last decade, some developing countries have introduced laws and
regulations to ensure a proper selection of technology according to their
requirements. and more particularly. to obtain better terms and conditions. As a
result, nanv countries have established national technology registries or similar
offices which offer a rich data base. On the recommendation of Ministers of
Industry who met in New Delhi in January 1977, UNIDO has established the
Technological Information Exchange System (TIES), to facilitate information
sharing and exchange on a reciprocal and confidential basis. This system has
provided the participating developing countries with an opportunity of comparing
respective experiences and to share such experience for negotiation of contracts.
Participating developing countries have formed an informal senior level group
which meets annually to review the entire area of technology information flow
and other areas of mutual interest in regard to acquisition of technology.

The TIES system concentrates on five main areas and operates through
UNIDO.

(1) Periodic reviews by participating countries of trends and features of
foreign technology inflow and regulatory control of such inflow.

(2) Exchange of general or average data at industry level.
(3) Exchange of detailed data on individual contracts.
(4) Bilateral co-operation among Technology Transfer Registries of parti-

cipating countries (hrough visits, study tours and information on
contracts being negotiated.

(5) Exchange of experiences by heads of Technology Transfer Registries.
With the co-operation of participating countries. UNIDO has developed the



ROLE OF UNIDO IN TRANSFER OF TECHNOLOGY 71

TIES system to the point where it is a fully operational computer system with data
on some 4,000 contracts. The system is operated under the auspices of INTIB.

According to their degree of participation countries provide data on:

(1) Summarv of terms and conditions of contracts by industrial sector.
(2) I)ata on a contract by contract basis.
UNIDO processes the data and produces a series of computer reports for

each participating country providing initial data. Information collected is com-

mercial information relating to the acquisition and use of foreign technology and
not contidential proprietary information.

Three follow-up meetings of TIES participants have discussed matters relat-
ing to development of the system and to explore areas of further co-operation.
Countries participating in this system include: Peru, Ecuador, Mexico. Malaysia.
Iraq, India. Republic of Korea. Argentina, Philippines. Spain. Algeria, Venezuela,
Portugal. Egypt. Colombia. China. Guatamala and Nigeria.

To facilitate greater linkages between the participating agencies and to
provide continuous information. UNIDO publishes a newsletter entitled TIES
everv two months.

The last meeting of the heads of Technology Transfer Registries held in
Buenos Aires recommended the growth of the TIES system in terms of the
generationi of information and further analysis of data by industrial sectors. .The
meeting recommended the following:

(a) Sectoral studies, with particular emphasis on identifying technology gaps

in developing countries and harmful restrictive practices followed by the
sellers of technology.

(b) Documentation on emerging new areas of technology transfer. e.g..
microelectronics. bioengineering, non-conventional energy sources: and
possible restrictive practices against developing countries in these areas:

(c) Interpretation of government policies on transfer of tec--ology by
recipients as well as transferers, to enable Governments to mould their
policies in desired directions and to frame guidelines for e.g.. purchase of
technology. promoting indigenous technology, and commercialisation and
eiport of local technologies. Inter-country comparative ;tidies would be
particularly useful:

(d) Strengthening the negotiating capabilities of countries through wider
exchange of information, improved information regarding transnational
corporations and other sellers of technology, extension of the monitoring
role of registries, wide use of UNIDO Technology Advisory Services
(TAS), and training through workshops. bilateral country visits by experts
and other similar mean;.

There should be a constant interaction between those who contribute to
information and those who use it. Only through this interaction can information
content and quality be increasingly changed to suit the requirements of develo-
ping countries. The information function must be a dynamic one. In the 'up-
stream . information sources and access to them are expanding and new tech-
nological options are emerging in several fields, including energy. In the 'down-



72 INFORMATICS AND INDUSTRIAL DIEVLOPMINT

stream', user needs vary not only with countries but with changing industrial
structures and new industrial development plans and programmes. The vitality of
an information system and the conditions for its success depends upon its
receptivity and resilience to changing signals of availability, as well a's require-
ments of technological information.



~ EDP Training-A Developing Need
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EDP TRAINING IN THE DEVELOPED COUNTRIES

THE LAST FIVE YEARS have seen an unprecedented growth in investment in computers
throughout the developing world. Precise figures are difficult to obtain but it is likely
that this growth has been around 30" per cent per year. and one of the spin-ois from
the large capital input has meant that the world-wide shortage of computer personnel

has grown proportionately.
The UK National Economic Development Office reported in June of last

year that the United Kingdom is suffering from a shortage of 25,01)0) skillcd
computer staff. The greatest need is for programmers, where 500 new statf are
required every month tintil 1996 to cope with the demand. The problem is
exacerbated by a 20 per cent per year turnover of staff, brought about by

-inappropriate manpower planning and management policies'.
In the West, companies are creating shortages for themselves by poor

selection techniques based on misleading ideas about educational qualifications.
Seen against the backcloth of growing unemployment, there has been a serious
failure of the education sector to come to terms with the computer industry's
needs.

It is a little early to he driwing tight comparisons between the UK and the
developing countries-who have their own special problems-but the writing is on
the wall. Criticisms of 'inappropriate manpower planning and management poli-
cics' could apply equally.

A successful computer department will only be possible if sufficient thought is
given to its place in the organisational structure. Currently. computers are
attracting some of the ablest minds in the developing nations but this situation will
not remain if long-term career patterns cannot be established. The positioning of
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analysts, programmers and operations staff, within the authoritative hierarchy,
will have a bearing on the long-term development of systems. Equally there must
be clearly established roads into the department from non-related areas for staff
with low levels of expertise if future staff shortages are to be avoided. The failure
to provide effective and well regulated training development programmes is
having serious consequences.

The problem is born, perhaps in part, of the colonial tradition of reward for
long and patient service. Too often, training is awarded as a perquisite and this is
especially true where a trip overseas is involved, as it often is. Much needs to be
done to restore the central vital role of training in corporate development plans.

POSITION IN THE DEVELOPING COUNTRIES

IN THE DEVELOPiNG COUNTRIES, the need for diverse technical skills is comparativecl
new and professional training in computer skills has not gencrall. reached a high
local standard. In many areas, people have not been in the iidustry long enough
to recognise the type of training required, nor even for the industry as a whole to
recognise its importance. Decisions about training have often been left with the
hardware manufacturer, with the consequent emphasis on operational skills.
Management skills, particularly in systems and methods, have often been
neglected.

'Unbundling* has gone some way to alleviating this problem. Users arc
beginning to recognise that training is not free, and so they are becoming more
concerned with the quality and relevance of the courses. Having visible costs has
also meant that budgetry provision has had to be made and controls to monitor
performance are appearing. The signs are that training may be moving away from
being a personal responsibility-and this is encouraging.

There is a need for one person in every computer department to be
responsible for personnel development. for the planning and co-ordination of
training programmes. If the installation is not large enough to justify a full-time
appointment then the function should be given to a suitable manager. The job of
redefining attitudes to professional training can then begin.

The goal will be to provide skilled local manpower for the rapidly expanding
number of computer installations in the developing world. For all practical
purposes the training for this skill must he provided locally. This means that we
musi get away from the old ideas which treat training as a reward. It has a role in
improving morale, but this should not be to the detriment of its primary purpose
which is the supply of technical skills where and when they are needed. The
ending of the era of apparently free training courses overseas at the manufac-
turers' expense will go some way towards ensuring that technical skills are
acquired in response to need rather than seniority.
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Costs of EDP Training

The acquisition of training budgets will pose further thorny questions for
EI)P management. long-term academic courses leading to certificates will be
attractive to prospective students. but cannot fit the needs of the installation as
well as would shorter, specialised courses. Taken in sequence over a period, a
series of short courses will provide training in specific skills which can he
reinforced by immediate application in the home environment. Undoubtedly, the
installation will see quicker results following this policy but the cost of air-fares to
Europe or to America will weigh disproportionately heavy for a short course and
might not be seen to be cost-effective. The long-term, cost-effective solution will
be to provide specialised training locally. With this goal in mind the UK National
Computing Centre has developed a training strategy for developing nations.

THE UK NATIONAL COMPUTING CENTRE

TtiF. NCC WAS F-siABLiSHI-) in 1966. with the primary objective of promoting an
increased and morc effective use of computers in every field of activity. It is a
membership organisation, governed by a board which is representative of over
2,)(001 member organisations. It serves as a bridge between different parts of the
computing community: between government and industry: between the public
and private sectors: between the supplier of computing facilities and the user. It is
a non-profit distributing organisation with revenue derived from members' sub-
scriptions world-wide, government contracts for projects and sales of products and
services.

In the seventies N('C extended its international involvement. Through a
network of 25 international agencies its products and services are in widescale use
in over 6t countries. The Centre has gained international influence in many
spheres, participating in co-operative projects and discussions worldwide.

o:m its inception the NCC recognised the central role of education and
training. Over the last fifteen years it has developed a comprehensive range of
material for educating computer users, from school leavers to top level maniigc-
ment, and for training the wide range of computer professionals in a broad
spectrum of skills and disciplines. The Centre's expertise is recognised world-
wide.

A good example of the way NCC tackled a large-scale training problem maN
be observed in the NCC "Thrcshold Scheme". In the mid 197t0s the British
Gowcrnment asked the Centre to develop a scheme for reducing youth un-
employment and increasing the supply of trained computer staff. The "Threshold
Scieme'" is the result.
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The Scheme is funded by the Government, designed and administered by
NCC and is implemented by Colleges of Further Education in collaboration with
private sector employers.

Training lasts 42 weeks, of which 24 are spent, in two separate periods, in the
data processing departments of host employers. In addition to providing valuable
practical experience, these two periods give the young person and the employer
an opportunity to evaluate each other. While there is no commitment on either
side, many job offers do result from this exposure. Some 60 per cent of those who
enter the Scheme find employment as computer programmers or computer
operators, with a further 15 p'r cent accepting offers of clerical positions, sonmc
computer-related and some not.

Qualifications Arising from the Threshold Scheme

Two qualifications are available to those who perform to an acceptable
standard during the course and in the formal examinations: the NC(C Threshold
Certificate and the National Certificate in Computer Studies of the Business and
Technician Education Councils. While all trainees are encouraged to try for these
qualifications, there is nothing to stop someone leaving the course at any time.
whether for employment or through a decision against working in data processing.
The overall wastage rate from dissatisfaction on the part of either the trainee or
the college is fairly constant at 10 per cent.

The unique feature of the Scheme, apart from its "double sandwich" formal.
is that entry does not depend on performance in school examinations. [he
selection procedure consists of a half-day of pencil and paper tests and an
interview. The tests, monitored by continuing research, are all administered and
assessed by NCC; interviewing is shared between NC(" and the stafl of the
college. Final selection based on a combination of test and structured interview
results, is done by NCC.

From 180 places in seven colleges in 1976/7, the Scheme has grown to 1400
places in 60 colleges spread throughout the UK in 19t)0/81.

Beneficial results, apart from the direct and intended ones-in particular the
rescue of some hundreds of young people who. for one reason or another, ha\ c
grossly under-achieved at school-include enabling many colleges to develop their
computing facilities and establish themselves with local employers as a training
resource and a source of competent and reliable employees.

Recent Developments

Another recent development is the inception, in some colleges, of additional
full-time courses to take the overflow of Threshold applicants (over and above the
available Threshold places) whose test results qualify them to enter a National

hhlH
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Certificate course though their school results do not so qualify them-a quite
unplanned multiplier effect.

The current cost of the Scheme is approximately £2,200 (Sterling) per entrant,
and this includes all tuition administration costs and subsistence payments made
to the students by the Government.

This enormously successful scheme is continuing to grow in the UK and is
having a significant impact on staff shortages. The bonus for the developing world
is that while the problems it faces are not identical to Britain's there are common
needs and solutions can be shared. The lessons learned and the material
developed in the Threshold Scheme are on offer for quick adaption by any nation
represented here today.

INTERNATIONAL ASPECTS OF NCC TRAINING ACTIVITIES

LOOKING TO the 1980s and particularly to the needs of developing nations, the
International Division of NCC has geared itself up to provide long-term cost-
effective training on a large scale. Many of the courses which the Centre has been
running in the UK have been 'packaged' and are available for purchase complete.
There are essentially three main categories of training materials.

Training Materials Available

The first is lecture support material. The conventional lecture situation is
preserved but the lecturer is not entirely dependent upon his own experience-
lecture guides and notes, visual aids, case study materials and student exercises
and notes have been researched and developed by experts in various fields over a
lengthy period. The result should be a top quality performance by a lecturer very
heavily supported by his packaged material.

The second category involves still more support with structured lecture
material being reinforced or replaced by video-taped programmes. These pro-
grammes have won international television awards and the packages will take care
of those parts of the course which are the most ditlicult to teach. This means that
the course leader need not be skilled in teaching procedures. Any experienced
data processing professional should be able to run a small course successfully.

Finally. the third category involves a higher degree of support again. This
time the lecturer is replaced altogether as the ,tudent picks his way through the
self-instruction package. This is a development of he idea of the programmed
text but incorporating a variety of media. The , 'nt will be provided with
workbooks, audio or video instruction tapes. exercises and self-assessment tests.
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So long as he has access to an experienced colleague, his instruction can proceed
privately, and at a pace which suits his circumstances.

Suitability of Various Training Materials

One can draw no hard and fast rules about which format is best suited to
which application. Much is dependent upon the skills of the tutor and the level of
knowledge and personal motivation of the students. For these reasons the
packaged material needs to be flexible to allow a variety of approaches. Systems
analysis training, for example, is a large and complex training task. In this case the
National Computing Centre has produced 5(0 volumes of lecture support material
(the basis of 180 hours of lectures) with visual aids and extensive practical case
study work, and an optional 2(0 hours of video support material :n the more
technically difficult areas. This degree of support has been found by long
experience to provide highly effective systems training courses for users ranging
widely in their levels of teaching resources.

ACHIEVING NATIONAL EDP TRAINING SELF-SUFFICIENCY

IT MAY NOT BE APPROPRIATE for a user or educational establishment simply to buy
the material and begin running training courses. If this is thought to be the case
then NCC has a structured pathway to the goal of self-sufficiency.

First, one or two key members of staff come to the UK to participate in a
public course or series of courses in the conventional way. These people should
then be well placed to assess the local training needs and any particular problems
which might be encountered. Second. having decided upon the most appropriate
programme they will set up an initial training course on their own territory for
which NCC will provide the consultant tutors. The students on this 'ase will
eventually be responsible for the running of the local courses. At this stage the
course can be tailored to fit closely the needs of the particular installation.

The third and continuing phase of the training project is the acquisition of
materials to form the basis of the local courses. Here again. NCC will act as
consultants in the choice of the most appropriate material to suit the particular
case. This three-phase strategy has been employed with success in a number of
territories in the developing world. Clearly, it is ideally suited to any continuing
training requirement, as has been proven in Cuba, Kuwait, Iraq and Iran.
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CONCLUSION

9 NCC Is NOT UNIQUE in offering training materials to developing nations, but it is
one of the few large. hardware-independent, training authorities and it is well
placed to develop and conduct long-term, co-ordinated training strategies.

Commentators agree that local skills training is the key to success. Unless it is
provided there will be a severe, perhaps tragic. waste of resources which must
inevitably lead to a slowing of development. However. in the end it is up to the
nation concerned, to face the challenge of providing sufficient well-trained per-
sonnel for its computer industry, and to take advantage of the help which is
available. Here is a field where the record of the *developed' economies is not too
impressive. Developing nations should act now to avoid repeating mistakes.

Ni



Case Studies: The Role of the Consultant
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aINTRODUCTION

IN MANY SITUATIONS where informatics is to be introduced to a new environment or
major changes are to take place, the decision-maker calls on the services of a
consultant. This occurs in administrative, commercial, industrial or scientific
environments and consultants are used both in cases where informatics is well
established as well as in cases where it is new. In principle, the role of the
consultant for a developing country is not different from the role of the consultant
elsewhere in the world. In a developing country the role of the consultant may,
however, be particularly critical and the advice and pi oposals suggested may have
a stronger impact than elsewhere. The margin between failure and success may be
narrower than in other situations, and advice based on use of technologies and
vested experiences from elsewhere may turn out to be irrelevant and lead to
consequences far from those originally envisaged. These perspectives call for a
more detailed analysis of the role of the consultant prior to any plans for
introduction of informatics.

THE CONSULTANT

'IN PRINCIPI.+ the consultant is supposed, as a first step. to appreciate and analyse a
particular problem to be solved, assess the boundary conditions, and synthesise the
findings. The next slep is to draw on knowledge of technologies (in I wide sense)
available, compare with known experiences from similar problem situations
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and project this into the problem under discussion. Based on this, the consultant will
suggest a solution, or a limited number of alternative solutions, present the
atd\ antages and disad\ antages of the proposals. including likely benefits. resource
demands, impact on the organisation and short term and long term operational
constraints of the solutions.,

The consultant is not the decision-maker and should not interchange roles with
those who ultimately will have to take responsibility for the solution adopted. He
should however provide for the decision-makers a clear strategy which ma\ be
applied towards arriving at a final decision and indicate pertinent criteria for a
selection from among the options available.
-- -Fhe success of the consultant is measured against the success of the ultimate
solution decided upon. This in turn, as far as the consultant is concerned, will call
for the following qualities: a neutral attitude towards technologies, a deep
knowledge of technologies available, an ability to draw upon experiences from
elsewhere without being bound by preconceived solutions, and a talent for human
conmnmunication

Whereas 4 first qualities outlined may be obvious requisites, it is often seen
how much success depends in fact on the latter qualities. No solution proposing
introduction of ai new technology including informatics technology can be viable
unless all boundary conditions are well appreciated. These may relate to physical
conditions, organisational conditions, availability of trained personnel, possi-
bilities for further training or retraining, and. particularly in developing countries.
it may also include cultural factors.

The consultant is often thought to be the wise man whose wisdom may have a
radical impact on the problems to be solved. Even the deepest wisdom is
however, valid only if it can be transmitted to its receivers in a form thev can
appreciate. The success of the consultant is therefore much dependent on his
ability to transfer information to environments and persons whose background
will be different from his own. Nobody should expect his wisdom and advice to be
accepted unless the content is clearly understood. and nobody should accept
advice unless they clearly understand its assumptions and implications. This may
be trivial, but the world is full of examples of failures in informatics and other
technologies which have their roots in a communication barrier between a
consultant and a decision-maker. The prime role of the consultant may be to
overcome this communication barrier.

DEVELOPING COUNTRIES

"'1HRF- EXISTS A S(1X10 of thought which argues that developing countries as a rule
should oppose computers because of their implications for unemnloynent.
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Sev'eral years ago the United Nation:,. ho\%,c er. rccomnwntdcd -Fach dec loping
country should formulate it broad national policv. consistent w~ith its natiomnal
goals, onl the application of computer technology".

Several authors link thle development of coniputerisation of at countr\ \wi*,h
economiic potential and progress, and there are coil incing nmacro conipariso'ns. Inl
this way the United Nations recommendation can be seci a in at largcr pcrspcct ise.
and no doubt is interpreted ats such by miml countries, and inl sescral quarters.

The recommendation calls for at natioinal p)oliex anld irld. ed compuicrisecd
solutions in several countries are imbedded cleairls into a forniali/ed is era il
p d icy. FoirniuIa tio o (f p(olicies inav h ave hen eli tted a I s frouii advice civ en h%
Consultaiits, and niational policies often hear direct refercnce to the usc ot
consultanits. This canl take several forms: the establishment oif at national body se r\ i n L
its the central point for coordination (if computing activities and havin2 its owii
coinsultancy function, the provisioin oif consultancv capacity oilit long term or short
term basi, through international organisations. the provision oif consultancies from
consultancy firms and organiisationis, and the pros ision of Cotisltancv from
individual experts. quite often university professors or experts drawn onl anl 'a h(,(
biiis from an appropriate professional environment.

All of these sources have their particulat merit arid inl practical terms many
countries draw upon a mixture of the available channels for prorvision of adv ice. It
will no doubt remain so in :he future in des eh1iine coun11tries, and other countries
as well. In line with the United Nations rccommiendation at central national bods
mnaY he oif keY importance for deiclipin aind) implemnenting a national policy\ on
informatics. It will serve a useful role at the overall excuLtive anid adriinstratis c
level. Its role may develop substantially provided it is rgisenl also sufficieiit
expertise to serve in at neutral wayt\ ats the primei consu ltanlcs bod\. [his mas ,
one of the most effective ways toi (vercotlie the commnunication harrier discussedI
previously.

It may also he at dilig~ent way oif overcoming one of the niistakes often mladc
which is the introduction of soilutioins which may work perfectly elsewhere intoa
new environtment.

SOME SOLUTIONS TO PROBL EMIS ENCOUNTERED) BY
DEVELOPING; COUTNTRIES

'Ii -i HI R i it )N \i ( i N i R,\i ,ervice butre au type (if operation woiks, st istacti ilk inl
nil% ensironmeits ati(J ut, to the lack oif experienced comiiputer professuonals. it
mlay tie thle on ly altern a i e to the prirchase of e\peniisie equipmrenit s\0th ,cattercki
applications fur which it is difficult to mainitaini a professional organisatioii and1
staff.

IDistrilted pri leesing is oiften suggested as art alternatit e. and indeed
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provides a satisfactory and effective solution, at least to more developed
environments. Distributed comnputing requires only a limited initial investment.
the risk is low and the running expenditure can be predicted rather precisely. It
permits a gradual introduction to computer use growing as experience, confidence
and training are built up.

It is however a technical solution which should not be confused with the mere
distribution of computing centres as simply replicas of the central service bureau
operations. Distributed computing as a technical solution depends on the
availability of reliable, fast and cost effective telecommunications facilities. It has.
therefore, been suggested that developing countries should first attend to the
technology of telecommunications and only then to computer technology.

This is one example of the opportunities for developing countries to make a
generation leap. Another opportunity may be found in promoting micro-
processors at an early stage. instead of the traditional development pattern via
large computers and microcomputers.

The imaginative consultant who clearly understands the environment which
he serves may have a major impact in placing a developing country in the
forefront of computing in a realistic way rather than suggest solutions which
others are now about to leave.

The inspiration for these developments should, in an ideal situation, be
indigenous and not only be imported by external advisors and experts. Hence the
concluding lesson is to build up an internal consultancy capacity alongside other
sources of knowledge and expertise.
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0 Transferring Informatics Technology to

0Developing Countries: Report of

Some Findings
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INTRODUCTION

"J'THIS PAPER PRESENTS the results of research done on the transfer of computer
technology to developing countries. The field work was done in Latin America in
the early tc .aiddle part of the 1970s, While there is an obvious time lag in
presenting these findings, important inifSghts can still be obtained applicable to the
generic process of transferring systems technologies. Some definitions are:

By technology we mean the set of disciplines, methods, techniques and
supporting instruments which make up the process by which a tangible or
intangible product is elaborated.
A systems technology is one having a large number of components which
must interact in a systematic fashion to produce its characteristic output or
service.
Technology Transfer is the process by which a technology is transplanted or
diffused from one location to another.

--- y studying in detail the computer industry in Latin America and the process by
which the technology is transferred, we can draw several conclusions about the

process of technology transfer in general and about the transfer of systems
technologies in particularL
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REVIEW OF THE LITERATURE

TECHNOLOGY TRANSFER has been dealt with at considerable length in the technical
literature. Several aspects of the transfer of technology process have been the
subject of scholarly research. From the management point of view, the problem of
how to transfer technology is of special interest, since it requires knowledge upon
which to base decisions. Management research on the topic has been directed
primarily at determining which are the factors involved in the transfer, and to
quantify the interactions in the process. Thus. Myers and Marquis (1969) and
Gruber and Marquis (1969) are probably the best initial sources for such research
from the vantage point of management. But the problem of diffusion of in-
novations, which is at the heart of technology transfer, has been the subject of
extensive study in the social science literature even prior to its formal treatment
by management researchers. Many cases studies have described innumerable
occurrences of the adoption of new tools, practices, or techniques. Rogers (1962)
lists a large number of these studies and categorises them according to the
research tradition into six distinct groups: anthropology, early sociology, rural
sociology, education, industrial, and medical sociology.

DIFFUSION OF INNOVATIONS AND
SYSTEMS TECHNOLOGIES

'Fin ,.(iGRIxiA INVISHIOiATION of these case studies offers good insight into the

process of diffusion of innovations. But all of these cases deal with discrete
situations. That is. they study the adoption of a single new hardware component.
processing technique. or agricultural strain. Sutherland describes the introduction
of high-draft spinning in the cotton processing industry: Coleman et al. (196)
deal with the adoption of gammanym (a medication) by physicians: Ryan and
Gross (1943) resuarch the acceptance of hybrid corn by Iowa farmers: Sharp
(1952) studies the adoption of steel axes by the Yir Yorunt in Australia.

When we deal with a systems technology, however, we must consider
simultaneously a large number of factors which are all innovations to the new
user. In fact, we must be able to adopt each integral part of the system or forfeit
productive use of the technology as a whole.

In addition, systems technologies create information networks which tran-
scend organisational boundaries. These networks have certain inherent attributes
which inject further elements of complexity into the process of the technology's
diffusion. The aggregate of all these factors provides a strong argument for a
separate treatment of the transfer of systems technologies in the literature.
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Dealing with specific innovations, Rogers (op. cit. p. 18) establishes a frame-
work for imbedding the process into a time structure. For this, he selects
awareness (first hearing of the idea), trial (first use), and adoption (11)0 per cent
use), as the three possible stages in the process of diffusion of an innovation.

Since systems technologies have to be adopted en masse-with all the
necessary hardware, software and operational techniques, and in such a manner
that actual production is possible-they do not lend themselves to such a
structure. It might be purposeful to speak of awareness, trial, and adoption of
a new programming language, or magnetic tape drive, but it is not very meaningful
to apply this scheme to computer technology as a whole.

The principal cause for non-applicability lies in the need for analysing. not
only the status of each factor within the systems technology, but also the
interaction among them. Thus, it appeared more adequate to determine the
penetration of the technology at any specific point in time. by identifying the
number of existing installations, and determining the characteristics of said
installations individually, and for the host country as whole. In this context
penetration was seen as having two components. depth and breadth. By depth was
understood the degree of acceptability achieved in the host environment as
measured by the number of installations established over time relative to the size
of the economy. By breadth of the penetration was meant the variety in
operational formats which the technology adopts in the host environment.

DESCRIPTION OF FINDINGS

BECAUSE SYSTEMS TECHNOIOGIES are in themselves complex. it was found that
multiple decisions had to be made in the process of their introduction to a
developing country. These decisions were made at distinct levels depending on the
aspects of the technology which were under consideration. It was found that the
decision maker needs to be well aware of all the possible alternatives open to him
at each specific point of the process, or run a high risk or not making the best
selection. In the transfer of systems technologies to developing countries, there
appear to be at least two distinct levels of decision making. national and
institutional.

At the national level we are dealing primarily with the problems of how the
technology affects the recipient society, polity and economy. The decisions to be
made here seem to be such as regulation or non-regulation of the industry.
manufacture or importation of the hardware, official participation or private
enterprise involvement, means of transfer, national costs, etc. At the institutional
level we are dealing mainly with those aspects of the technology affecting the
adopting institution. Decisions made at this level seem to be typified by such as:
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choice of hardware and software for an installation, identification of application
areas, selection and training of personnel, institutional costs. etc.

There are other levels of decision-making also involved, such as the multi-
national or non-institutional. Nonetheless. the national and the institutional are
the two most relevant levels.

TECHNOLOGICAL GATEKEEPER

A tm-wiStE- l EIMNENrT for the etiective transfer of a technology appears to he the
identification of technological gatekeepers. These are people who because of their
intellectual capabilities, investigative zeal. and contacts with the centers of rele-
%ant technological development, become vital sources of technical information for
the rest of the organisation.

The existence of brokers in the process of diflusion of innovations had long
been established in the literature.* (Yruber and Marquis (1969) later showed that
organisations in developed countries counted on similar persons who functioned
as internal consultants for technological information. Extending the concept to
organisations in developing nations, the term "'international technological gate-
keepers" was introduced by Allen et al. (1979). We have found that in developing
countries the information networks created by systems technologies become
national in scope. These networks also feature technogical gatekeepers: and they
fulfil the same consultant function, previously noted inside organizations, outside
narrow institutional contexts. It was found that the identification of these people
was an important prerequisite for the effective introduction of a new technology.
or innovations within existing technologies.

In his research Allen devised a method of identifying the gatekeepers by
examining the information networks about a technology which occur within an
organisation. We utilised a different method, based on groups of interviews of
technologists. The interviews were conducted in snowball-like fashion. with each
interviewee suggesting a set of names which were the subjects for the next round
of interviews. However. the names of potential interviewees repeated themslc,s.
Independent chains of interviews were initiated by resorting to distinct initial
sources. In most countries these were the manufacturers, the universities, the
professional organisations. and the government entities which dealt with the
problems of the technology. This process allowed us to identify the existence of a
technological network for the diffusion of computer information in every one of

' Such brokers were. for example. the early adopters of hybrid corn in Ran id ( ;ro,s or .ome of the

their fellow phyicians as ito be followel. in (oleman et al.
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the Latin American countries, and also yielded sets of gatekeepers for each one of
these nations.

It was also found that the identification and characterisation of the gate-
keepers by the decision makers in charge of managing the technology transfer
process at a national level, or by those entrusted with establishing an installation
at the institutional level, was very important. If the gatekeepers can be identified.
then measures can be taken to let them function more eftectively. Facilities to
attend international conferences, keep up with the literature. maintain foreign
technological contacts, and go on occasional work assignments. can then he
encouraged for this key group of people.

THE ROLE OF MANUFACTURERS

IN THE INITIAL. STA(GES of the introduction of a systems technology to a deeloping
country. basic components are likely to be tightly controlled bv the hardware
manufacturers. In our case study we found that the role of the computer
manufacturers was crucial at that stage in Latin America. As we mentioned
above, 26 per cent of all gatekeepers are manufacturer-atfiliated. That does not
represent the full impact of the manufacturer's role in the process for a number of
reasons. The figures for sources of education showed that 78 per cent of all
programmers and systems analysts in the region had studied with a manufacturer.
Of that figure. approximately two thirds mentioned IBM as the source. In
addition, although no specific numbers were determined, a large percentage of the
respondents to the programmers and analysts survey studied with IBM manuals as
texts. Moreover. there is also a relatively large set of DP managers and other high
DP-rclated executives, or senior programmers and systems analysts throughout
Latin America. who are former employees of a manufacturer. Hence. the ligure
for gatekeepers would show an even larger proportion with manufacturer's
affiliation if it reflected prior employment with Borroughs. IBM, NCR. or any
other of the principal manufacturers.

The possibility of manufacturers exercising a negative or restrictive influence
on the transfer was considered a potential problem. but no such activity could be
presently identified on the part of any major manufacturer. The host countries
have available a number of measures to minimize that eventuality. For example.
economic incentives could be created to ensure that a manufacturer releases and
distributes information. Alternate sources of information can be obtained via the
literature, or attendance at foreign trade shows and conferences: or by the
encouragement of commercial competition among the manufacturers.
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THE ROLE OF UNIVERSITIES

MOST IMPORTANT OF ALL, however, is the role of the national universities. As
centres of research and depisitories of knowledge that are relatively free from
business or other commercial influence they can act as a counterweight to bias in
the transfer process on the part of any manufacturer.

Through active investigation, as well as via the channels of communication
open for international interchange in the academic world, national universities can
inject a measure of vigilance over the process. In addition, they can provide a
much needed source of technical information on the systems technologies of
relevance to the country, and become an ideal setting for pioneering new
application areas and developing new concepts on how system technologies can
benefit their nation.

CHANNELS AND MECHANISMS

IN ADDITION to the international technological gatekeepers. which were prime
individual actors, some channels and mechanisms of the transfer process were
identified. Three types of organisational actors, or channels, were found: vendors.
users, and others. The vendors were basically the multinational corporations
which manufacture the computer hardware. The importance of their role was
found to be crucial, as was discussed above. The users were found to be a diverse
group, with the national governments and the large multinational corporations
(non-computer manufacturers) being most in evidence.

It was found that governments played an important role in the transfer
process as users of computer technology because in many cases they were the only
organisations with sufficient financial resources to acquire the hardware. In other
situations, only national governments had both the massive data processing needs
and sufficient resources to take advantage of economies of scale in computation.
Because of this, government installations often become leading centers for the
diffusion of computer technology to the rest of a developing country.

The multinational corporations were also found to have a very important role
in the transfer process as users of computer technology. These corporations are
vital channels because they can bring to a developing country the resources and
experience of the developed lands through their internal routes usually benefitting
the host nation in many ways.

Among the organisational actors, or channels, designated as "others" it was
found that professional organisations and user groups had a significant role to play
in the process of transferring computer technology. These organisations were
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found to have, in general, a low membership. At the time, only about R) per cent
of all the programmers and systems analysts in the region bhelonged to a profes-
sional organisation. In addition, although the countries Ihat had them were among
the most active, nany nations still did not have an\ professional computer
organisations or user groups.

It was found that these organisations were important because the\ provided
centralised sources of information and manpower for the technology, as well as
being bridges for the transfer from the foreign sources to the national. They also
play an important part in the establishment of standards and the quest for
excellence in the professions associated with the technology. Moreover. it was
found that a large number of the technological gatekeepers were afliliated with a
professional organisation or user group: illustrating the vitality of such asso-
ciations. and their importance as a source of technological gatekeepers.-

Five mechanisms for the transfer of systems technology were examined.
These were: (i) education. (ii) technical literature. (iii) conferences, convcntions.
and trade shows. (iv) cooperative working programs, and (v) personnel migration.
Of these, education was found to be the most important, since it was the onl\
permanent and continuous mechanism existing in the region for the transfer of
compuier technology. The principal sources of education for programnmers and
systems analysts, in order of importahce. were the manufacturers (48.2 per cent).
followed by the universities (37.4 per cent), and in-house education (14.4 per cent).
Private DP schools were found to be important only in the instruction of the \er
elementary functions, such as data entry. and basic machine operation.

Technical literature was not found to be effective for two reasons. First, there
was a widespread unawareness of its existence. Second. almost all relevant
technical journals were in English, whereas it was found that only 22 per cent of all
DP professionals feel they had a good grasp of this language.

Conference and trade shows were found to be effective, but they were relatively
infrequent in Latin America. In addition, attendance at the regional or international
events was relatively poor.

Personnel migration was found to have important effects on the transfer of
computer technology, but the occurrence of such migrations were not readily
controlled or channeled. Some of the effects of Cuban and Chilean technicians
being utilised in other subsidiaries within a vendor's network illustrate this.

Although the figure obtained for technological gatekeepers affiliated with professional organisations
was I I per cent, the number should be much higher. That datum simply indicates the percentage of
respondents which gave their full-time employment as being with a professional organisation or user
group.
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SOCIAL, POLITICAL AND ECONOMIC EFFECTS

EVERY NEW TEHNi)L.)Y when introduced in any society has a number of social,
political and economic effects. Systems technologies are especially important in
this context, because they deal principally with information. Examined in the light
of occurrences in the more advanced countries, the social, political and economic
effects of computation were found to be minimal as of vet in Latin America.
Elements of the same types of problems and fears which are confronting the
North American public kere detected in the region. but were not yet of major
importance.

The problem of unemployment was also reviewed. Although there was no
hard evidence as of yet. in the long-run the net effect is believed to be similar to
that in the industrial nations, where computerisation has not brought about net
unemployment, but a shift in skill levels. Nonetheless, it was noted that using the
computer purely as a labor saving device in Latin America could have social costs
in the short-run, because of the possible displacement of personnel who cannot
find a DP related job within the same organisation.

The computer can be used as a tool for the consolidation of technocratic rule.
At the same time, it is an instrument that no modern state can really ignore or do
without. The dangers implicit in the use of mass data banks. and population
registers to invade individual privacy and violate certain civil rights are real. but
each country can and should implement its own safeguards to address the issue.
Systems technologies may have considerable impact on host societies.

The case of mass communications is another example of a systems technology
and several authors may be quoted as sources documenting its influence (Lang &
Lang. 1953: Bauer & Bauer 1960: and Pool & Adler. 196(). Because the effects on
the receiving societies are important, governments become increasingly aware of
such technologies and attempt to monitor and control their activitie, and
diffusion. This was clearly seen in the case of computation in Latin America. It
was found that governments in the region were becoming very conscious of
computer technology and that they were ever more inclined to implement
measures to monitor and control it. The principal reasons for this awareness and
concern were found to be four: (i) the cost of the technology as affecting the
national balance of payments. (ii) dependence on foreign suppliers. (iii) that the
computer is a source of power through its information handling capabilities and
(iv) that the computer is a status symbol. Because of these reasons measures have
been taken in every country of the region to monitor some or all aspects of the
data processing environment.
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- CONCLUSION

_2
IN SUMMARY, I was found that there are strong arguments for approaching the
transfer of systems technologies to developing countries in a different manner
from the transfer of other technologies. Also. that Roger's model for the process
of adoption of an innovation was-ot applicable to the transfer of systems
technologies because of the large number of component factors and the com-
plexity of their interaction. Nonetheless, it appears that a measure of penetration
of a systems technology can be obtained by identifying numbers of installations
relative to population or other economic magnitudes. as well as by characterizing
the individual installations in a host country and obtaining some form of a
national aggregate. It was also found that due to the multiple alternatives which
exist at any one point in the transfer process. decision makers must be well
identified with the variants in the technology in order to be able to arrive at the
best possible solutions, both at the national and the institutional levels.

,)'The role of technological gatekeepers was found to be crucial, and their
identification and characterisation a key requisite for an effective transfer process.
Likewise, it was found that the computer manufacturers were essential channels
for the introduction of computer technology.

"The universities were found to have potentially crucial roles to play in the
transfer of computer technology, but their orientation toward scientific computing
detracted from their mission, It was found that national governments and multi-
national corporations as users of computer technology also play a very important
role in the transfer process. Similarly , professional organisations and user groups
were found to be dynamic channels for the diffusion of technical information, and
significant sources of technological gatekeepers.

.Of the mechamsms for the transfer of computer technology, only education
was found to be permanent and continuous Conferences and trade shows.
personnel migration. cooperative working programmes and the technical lit-
erature were found to vary in degrees of effectiveness, but were all much less
important than education. The social and political impact of computer technology
in Latin America was found to be minimal up to now. Certain potential dangers
were identified, but none sufficiently great or urgent as to warrant major reac-
tions. With respect to economic effects, it was found that the primary one was on
the balance of payment of the host countries. This, together with other political
perceptions of the potential role of computers. has caused governments to be
concerned about the technology, and implement certain measures to monitor and
control its diffusion.

This research should provide some insights toward the establishing of sound
guidelines by which a systems technology may be effectively and efficiently
transferred to a developing land.

1a
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o Control Informatics-Its Role

o in Developing Countries

Utpal K. Banerjee
Coi purronics, New Delhi. India

THE TECHNOLOGY GAP

I Is WF.t.-.KNO\\ that more than 90 per cent of the world's technology is generated

from the R & D efforts of the developed countries, leaving less than 10 per cent to
the care of developing ones. This has led to an arrangement of technology transfcr
either on a rental basis or outright sale. In both cases, the transferee country in
the developing region accepts the technolog\ aa pecitic time and usually
remains stuck with it. The transferrer countr% (or the multinational corporation)
keeps the transferee updated on the technolog. once it has been transferred.

Developing countries, therefore, are left with what are esentially *fro/en"
technologies. Both financial resources and the po litical support are usually lacking
to salvage the antiquated technologies. for three reasons, -irst, adequate funds
are not available to back a political programme of tcchnological innox ation.
Secondly. vested interests often denigrate indigenou,, erlor, e\cn xhen the, arc
trying to compete with foreign supplier,, ol the basis At strict schCdule, of
production and delivery dates. Finally. the principle or thc ln,,et tender is

weighted by a variety of discriminatory duties ol the import ot conponents,.
The way to antiquated technology in dexcloping countric v, often helped b\

some degree of obsession on self-reliance at the cost of competence. Such
self-reliance is without the refreshing touch of indigenou, research and de\Clop-
ment. and can reduce the best technology to so much junk (Thapar, M951)),

The above factors have facilitated the creation and the perpetuation of
technology 'poor' countries. They hover on the periphery of transferred tech-
nology, looking always for sustenance to a centre of R & D-sustained technologies
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bevond their reach. The technology -rich' countries and the multinationals ensure
that the flow of technology is forever a one-way traffic.

ADVENT OF INFORMATION G;AP

-1-111 L 1. x(.ASr %ORKIN(; (.R01- (United Nations. 19q73) on Computer Technolog
recognised the existcec of four levels, of computer usage: initial, basic. operational
and advanced. Ani index oif computer industr% development potential (CIDP) hats
been suggested (Barquin et al., l()7() based on number and si/e of computers. D.P.
education, computer applications, utilisation by gov ernment, degree of ' :chnolo2\
in hands of national organisation s. official policy towards cornputeri, ation. inter-
national assistance inl computer technolog\. existence of professional DP groups and
user organisations (gcemnent. uni' ersities. computer manufacturers, multi-

I national enterprises arid UN agencies ).
lDeveloping countries \%ere placed accordinig to their ('I)P level ats follo)IS

(a) Intal: Afghanlist an. Bangl adesh, B h utan. Bot swan a. Burma. Bu run di. (Canmboia.

Cameroon. Centtral African Republic. -ao lEthi opia. Haiti. Lao%. Lesotho:

( ;tbt (iha. ki airNepal. N ~ie. R; ana. SenegtalSm. ndoer I rau n.

( siq Jlalm 1ca. Jo* rdani. Ken ~a. li Ak a. NIa Iagzts. MIauiritiantia. Morocco.

Nicatragtua. Nwciriat. t',tkstaii. Partua% . Saudi A\rabia. Sierra lecone. Sni Lanka.
Sutdan . S\\a/t,'iaid. S\ ria. 1Taiaiia. Fhailand. irtidad. Tunisia, Zaire. Zambia;'

cHa s' ( Ci Ic. ( o o nttbia. ( lt ha. I rant. Lebanon. Nialaysia. Pananta . Peru.
P'hilippine,. Republic of Korea. Singapore. lIurkc\ . t ruugua

(d Mo toi srat , Bit tiIa. ( ireece. Hong Kong. H urngarx. Pueri o Rico.
Rumntiia. \eneiuela

(c)I ( 4srroftotau A'rgeiuirt India. Niesico.
H(f)p'aiiI to.titiCd Brainl

The I )78 Internationial Coniference of 75 nations onl strategies anrd policies in
informatics (SPIN) iii Spain recognised that data flow was central to building at
'"New World Inforriation ()rder* , with access arid control of information sources
being critical to the eventual development of a nation's economy.

The 1980) World ('onference in Rome of 60) natioins on transhorder data flow
policies was at follow-up to SPIN, and presented overtones of the 'North-South
debate'-the dominance of the industrialised nations in international information
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services and the fear that developing countries might become mere client states of
the North American and European multinational corporations which controlled
existing information sources. Kirchnir (I1980) summarised the debate as follows:

(a) The developed countries, including the US. Canada. Australia and
Furopean nations. generally argued for free flow of information. sugges-
ting that developing societies have more to gain from unrestricted access
to advanced information resources than from their regulation:

(b) Many developing countries, on the other hand. including Argentina.
claimed that national, political, economic. technological and cultural
considerations warranted at least some control over information flowing
into and out of their countries:

(c) lrazil, as a relatively advanced information economy and a prototype for
Third World countries, presented the viewpoint that an, country, which
was not concerned with the control of the strategic information resources
it used. ran the risk of becoming intolcrably dependent. through tele-
communications, on the interests of political and economic groups out-
side its borders. Brazil contended that the North American and European
multinational corporations %%crc usually not interested in the legitimate
desires of people in de.cloping countries.

(d) The dilemma could be solved. according to Brauil. by encouraging
indigenous des lopmont of data bases and data bank technologies which.
along with outside sources, could provide a balance of uni,.crsal dis-
tribution oif information.

I'he advent of an information gap hetw.een the 'information rich' and *information
poor' countries that emerges from the above resume is toc evident to be missed.

RESOLUTION OF THE INFORMATION GAP

IN 1-i1 CoNtExt of bad experiences stemming from the technology gap between
developing countries and developed ones, one must be doubly careful to try to
close the emergent information gap.

Kalman (1981) observed that the material and human resources of nations
were not unlimited, and their optimal allocation to various sectors of the
economy was one of the principal functions of governments. The allocation of
resources to the national information environment could not be an exception and
needed a broad national strategy. Brauer (1979) characterised developing coun-
tries by the following statistics relating to their populations:

(a) 21) per cent seriously undernourished:
(b) 30 per cent without safe water and health care:
(c) 401 per cent unemployed or underemployed: and
(d) 50 per cent over 15 years of age illiterate.
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Saekman (0981) approached the problems of the information gap from
international, organisational and individual viewpoints and developed recomi-
mendations at all three levels, emphasising some of the possible educational,
political, managerial and technical remedies for a more equitable balance of
information power.

Kalman (1978) defined informatics as the complex of scientific, technological
and engineering disciplines which deals with the inherent properties. structure.
laws and rules of creation, transformation, conservation, transmission and ap-
plication of information phenomena in natural and constructed systens. Ber-
nasconi (1978) viewed informatics simply as the exploitation of information
resources, according to an overall strategy implemented by appropriate policies.
Rateau (1981) viewed the trends of informatics during the 1980s as follows:

(a) Improvement in the cost/effectiveness ratio, estimated as (I0' htween
1955 and 19075 (effectiveness being- measured bv the number of operations

performed per second)u
(b) Miniaturisation of hardware:
(c) Production of software more adapted to the user:

(d) Development of tele-informatics with parallel progress of computers and
telecommunications.

Informatics. becoming cheaper, more effective and more accessible. should
allow the information-poo)r countries to face their data management problems in
the following manner:

(a) to improve economic and social development planning based on mathe-
matical models and statistical data bases:

(b) to develop information systems. and automated documentation centres

and information networks-

(c) to use computer-aided teaching for increasing the numbers receiving
education:

(d) to implement large epidemiological studies in the field of health;
(e) to gain (through satellite-based services) a better knowledge of natural

resources',

(f) to help artd accelerate industrialisation by greater use of automated
process controls:

(g) to use computers in the services sector for improving productivity.

The conditions for success in reducing the information gap would depend on
national informatics policies, active regional co-operation and essential inter-

national collaboration, the compilation of computer science plans. the trainine of
experts and the establishment of software libraries.
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STRATEGY ON INFORMATICS

E-iw r1tto.F.\v iot- srn-s wcrc adopted to resolve the information gap of develo-
ping countries, Rateau (op. tit.) visualised that the informatics industry was still not
within the reach of all countries. Moreover, databanks currently being established
were essentially situated in industrialised countries. Informatics, therefore, in-
volved a risk of increasing, instead of reducing, the gap between the industrialised
and developing countries. Again. there was an important risk concerning the
cultural identity of developing countries, since informatics was the product of a
rationalist and basically western culture.

It is desirable, therefore, to avoid the above pitfalls while introducine
informatics in the Third World. The following strategy is recommended.

On-Line Transmission- )eveloped to Developing Countries:

There are a number of application areas where data bases have alreadv been
developed and are kept regularly updated in First World countries. The Third
World can, with advantage. use these data bases without *'re-inventing the
wheel". An example is the Space Documentation Service developed 1y European
Space Agency which offers a computerised information retrieval system. using
interactive on-line dialogue, through remote terminals connected to a central SDS
computer (at Frascati, Rome) and is used for bibliographic citation retrieval. An
international telecommunication network (ESANET) stretches over more than
[0,00(i kilometers to link terminals by means of high-speed. data-transmission
lines to cover direct dialing to Brussels. Copenhagen, London. Rome and Stock-
holm. The national ('Y('LADES network in France is also connected to
ESANET, and similarly TYMSHARE nodes can be dialled from Brussels. The
Hague and Paris.

The choice available of major scientific and technical data bases through
ESANET is as follows:

Name/Subject Coverage Established Number of
Citations

"STAR/IAA": aerospace. ge(physics. electronics. I%2 8O0.ttXM
earth resources. biotechnology. thermodynamics.
"Chemical Abstracts Condensates": pure and I~Q 2.1KI,(KKI
applied chemistry.
-Metals Abstracts": metallurgy and associated 1tl64 21)0HM)
disciplines.
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"Engineering Index": civil, electrical. 1970 470,(W
mechanical engineering. electronics.
"Government Reports Announcements~: scientific. 199 2(m),M
technical and social disciplines.

ESA Electronic Components Data Bank". 197(0 10.2(M
"Nuclear Science Abstracts": nuclear science 1968 485,MK)
and technology.

INSPE(": physics. electronics, computers. 1971 (10,M)
"World Aluminium Abstracts": aluminium and 1968 45.(XX)
associated technology.
"Enviropmental Scicnce Index-: environment 1971 51,)
sciences, pollution.
"Science Citation Index-: FPhysical. chemical. 1972 6M.O()
engineering sciences.
Aerospace and related subjects. 1972 7(X{X)

The above data bases are searched through terminals providing the following
services:

(a) Choice of tile:
(b) Selection of keywords and the logical combination of keywords:
(c) Citation displays and retention of useful citations:
(d) Printing of useful citations.
Satellite-based communication is possible with ESANET from developing

countries and was tested in 1978. In this experiment, where a remote terminal was
placed at T.I.F.R.. Bombay. the author carried out an extensive literature survey

from 1969 onwards on the following topics:
(a) Bottom-blown oxygen steel-making:
(b) Electro-slug refining technology:
(c) Direct-reduction processes:
(d) Continuous-casting technology.

On-line Transmission Among Developing Countries

The UN Conference on Technical Co-operation among Developing Countries
held at Buenos Aires in 1978, laid down a plan of action for the "'increase and
improvement of communication among developing countries, leading to a greater
awareness of available knowledge and experience as well as the creation of new
knowledge in tackling problems of development".

One of the applications of that plan is a development information network
(DIN), designed to link up developing countries via satellite channels which are
capable of 24-hour two-way communications with the following aims:

(a) to provide a continuous two-way flow of up-to-date technical, economic.
social, cultural and development information;
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(b) to promote co-operation among developing countries by increasing their
own direct exchange of information which they need for their national
and collective self-reliance.

Using existing satellite channels, DIN will set up the following centres over

the next three years:

National Centres: Sixty national centres will be responsible for disseminating
incoming information to subscribing users in the country, and for collecting outgoing
information. Working to common guidelines, national centres will select. codify and
feed information to regional centres-

Regional Centres: Regional centres will be in Latin America and the Caribbean.
the Arab region. South Central Asia, Southeast Asia and the Pacific. East and
Southern Africa, and West Africa. Equipped with microprocessors and short-
duration information storage capability, the regional centres will be the structural
pillars of the network. They will be linked to inter-regional centres:

Inter-regional Centres: These will be the network's main co-ordinating units and will
also provide back-up to regional centres in case of technical breakdowns.

DIN will disseminate information in Arabic, English. French and Spanish.
The information will be relevant; factual: set in context: continuous: up-to-date:
concise: timely and professional.

DIN will be a user-oriented system, flexible enough to accommodate the
changing information needs of subscribers. It will cover the entire spectrum of
economic and social development, creating a new flow of information on themes
such as:

(a) current international economic/financial trends;
(b) national development plans and programmes:
(c) resource discoveries-
(d) raw material supplies:
(e) balance of payments situations:
(f) trade and business opportunities:
(g) regional/inter-regional financial institutions:
(h) foreign trade activities, including market movements, loading schedules.

shipping, capital markets and currency fluctuations, tariff rates and pref-
erential trade agreements between different countries:

(i) international negotiations:
U) technological developments and research;
(k) international/regional/integration and co-operation developments:
(I) socio-cultural aspects of development, such as health, education, housing.

co-operative movements and social organisations;
(m) applied research findings.

DIN will have national centres linked to a wide range of organisations such as
trade unions, public enterprises, industry, applied research institutes, regional
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economic commissions, commodity producers, professional associations, inter-
national organisations. the media, universities, government decision-makers, etc.

On-line Transmission Within a Developing Country

It is possible to realise, within a developing country, functional integration of
information activities of libraries, scientific and technical services and archives.
This would enable a more exhaustive flow of primary and secondary information.

An example is the CDS ISIS system developed by UNESCO in 1978 to be
used as a typical information retrieval software package for automation of a
national system of scientific, technical and economic information. This is a
standard software package whose advantages include possibilities of exchanging
experience between information centres, and minimizing the cost of supporting
the software.

Along with a few developing countries, CDS ISIS has been extended to
Reyad computers in India for sophisticated data processing. including develop-
ment of functions to support the needs of management information systems. The
package uses a comprehensive collection of programmes for data input.
management and output, running in "batch" or "'on-line" modes. During "on-
line" operation, users can be guided at their terminals by the system which can
build indexes from key-words, thesaurus terms or free text, and can specify
sorting and printing instructions.

Transfer of Technology from Developed to Developing Countries

In a number of applications, it is possible to consider indigenous development
of data bases and data bank technologies which, along with outside sources, can
create a balance of universal information distribution. It is important, however.
that the ,ocio-economic and cultural identity of a developing country should not
militate against the structure of automated information brought from outside
.sources.

An example is adaptation of a Burroughs computer system by the State Bank
of India, along with the packaged banking software. However, this package has
not been found very suitable and because banking practice in India is being
organised on a 'social responsibility' ethos quite different from the American
philosophy, the package has remained largely unutilized. Other nationalised
banks have approached the Government of India to allow similar computer
systems because of ostensible advantages of a banking software, but the govern-
ment has rightly not encouraged such imports.

A slightly different point was made by the Algerian National Informatics
Authority (NIA) at the International Colloquium on Informatics and Society,
Paris. 1979. This was that developing countries are often able to supply very
important information, but are not able to process it. Then the risk arises that an
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exploitation cycle may he created by developed countries from the raw data given
by the developing countries in the first place (Rateau. 1981). Further. modern
informatics is a reflection of a certain way of thinking. and of a certain socio-
economic organisation. Since such informatics is the product of a rationalist
western culture, developing countries should carefully examine the risk of cultural
dependence arising from its adoption.

Large Data Bases, Within a Developing Country

Within it developing country, distributed data processing (DI)P) has now

become feasible with the declining cost of computer hardware and the availability
of network software. It is thus possible to connect to a network several computer
systems with large data bases distributed all over it country.

Ani example of the above was the "'star" netwvor k with the DE(C-1o77

computer at T.I.F.R. Bombay as its hub and DECiPDP computer systems at
Ahmedabad. Bombay, Bangalore and Delhi at various nodes, tried out in 1980tt
with 4 terminals located in Bombay and connected (via modems and synchronous
communication lines) to a total of I I systems. including front-end communication
processors. The computer network, termed DECNET, was used to highlight the
data communications infrastructure presently available in India and to help the
participating organisations in gaining experience and developing expertise in
computer communications software and hardware.

Quite separately, there can be large independent data bases in centraliscd
locations which can be used by big user organisations for their own purposcs.
Such data bases are planned by TISCO and TELCO. which rank among the
largest private sector enterprises in India, at their three premises in JamshCdpur
and Pune.

Feed-Back Information System, Within a Developing Country

It is possible to apply computers and data communications to socio-economic
phenomena for controlling environmental processes through at nonl-atlonatic
monitoring and control system design. Such applications have to collect data from
the environment manually or through sensors: processing miust he done onl digital
computers in an on-line or off-line mode-, and on-line or off-line control (if

environment must be achieved within varying response times. Effective control
would depend on the ability to respond in a reasonable time. keeping in mind the
large volume of data likely to be communicated, the complexity of the analysis
and the needs of follow-up on the corrective response. Obviously, sensing data
from the social system and monitoring control process must be made continuous
to ensure that the control is effective and yet responsive to social changes. On the
other hand, it would be desirable to detect the out-of-phase conditions of control
where rules may have to be changed, in phase with the social change.
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An example is the use of the abo, 2 approach for setting up operating
procedures for multipurpose reservoirs or a group of reservoirs inter-connected as
a system for optimal operation of both flood-control and power generation. This
has been tried out at Nagarjuna Sagar reservoir for a feed back control and
monitoring system with the following objectives:

(a) To put data. collected manually through rain-gauges and flow-gauges
located on the Krishna river, at various State-run and Centre-run measuring
stations:

(b) To fill up the reservoir sufficiently early in the season for timely release of
water for purposes of irrigation, power generation and flood-control,

(c) To provide 6 to 8 hours' advance warning for release of water from the
reservoir, whenever needed-

(d) To release water economically during the drought-prone years (when the
rainfall is less than 25 inches for a specified year). normally for 3 out of
every 1(0 years.

Krishna river, over which the Nagarjuna Sagar reservoir is built, has an
inter-State basin involving Maharshtra, Karnataka and Andhra Pradesh, with 12
catchment-areas. Obviously. regulated use of water for reaping a planned return
from the entire Krishna basin (and later, perhaps. from the Tungabhadra tributary
basin and Godavari basin with their dams and barrages in a similar manner) is of
the greatest utility in India.

ILLUSTRATIONS OF CONTROL INFORMATICS

Titut BASIC SUi-OR5s of national development include education, employment.
health, food and housing. In a recent survey by the German Foundation for
International Development (DAC). these sectors have been identified in that
order. Use of computers can be visualised for 'control informatics" in all the above
sectors in a developing country. The concept of control informatics is based on the
feed-back information and control instructions within a reasonable response time.
as explained earlier. The concept will remain valid for both on-line and off-line
use of a computer. either in a local or a renote mode. as long as suitable
monitoring is adhered to and changes are introduced in a meaningful way.

Education: Milner and Wildherger described computer-assisted instructions (CAI)
to impart knowledge to students through a "drill and practice" approach. Hawk-
ins described a "tutorial" method to permit several students interact simul-
taneously with the computer on one or more subjects. It seems that the intro-
duction of CAI into the educational system of the Third World could provide a
welcome relief to teachers and enhance the quality of education.

The author has been instrumental in initiating a project proposal for CAI in
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formal and non-formal education. The idea is to use a stand-alone micro-
processor-supported device to be installed on a mobile basis in district or taluk
centres. Individual programme-lessons can be taken up for either formal educa-
tion (e.g., geometry, algebra. etc.) or non-formal education (e.g.. pest-control,
insecticides-spraying, etc.), using a lot of computer graphics. Records would also
be kept of the amount of usage of specific programme-lessons and the manner of
learning so that lessons can be evaluated later for modification. Using digitised
communication during off-broadcasting hours, programme-lessons can be renewed
on casettes.

Employment: Longe (1981) recommended employment data bases on computers.
to be used for matching a job vacancy with qualifications of unemployed persons.
The author supervised a computer-based information system on medical
manpower for the Andhra Pradesh medical services. By keeping full information
on educational qualifications, practical skills, experience in city/town/village areas
and other matters, it has been possible to regulate the posting of medical
personnel in different regions of the State with the help of the abo\e data base
and implement the "'social responsibility" scheme for posting doctors to outlying
areas. What is more, the system is capable of being monitored on a regular basis.

Health: McLachlan (1968) implemented a hospital. employment and ad-
ministration system for non-emergency patients. Whitby and Lutz (1971) used
computers to keep medical records on patients while Holoien (1977) applied
computers to clinical laboratories and intensive care units. The author has
supervised computer usage for building up a comprehensive health care system in
Andhra Pradesh State at different levels of hospitals (from taluk hospitals to
teaching hospitals). This system was based on the records of diseases, the
remedies applied, the medi-ine used, the facilities utilised and results achieved.
Again. the system is capable of being monitored for extending different types of
medical facilities and planning of resources.

Food: Computer applications have been suggested for agricultural research and
development programmes. Particularly, computer based systems can help in the
discovery, development, and wide distribution of high-yield pest-resistance
varieties of crop plants.

The author had experience in organizing a detailed storage and distribution
system for grain involving different regions of the country. The plan included
location of warehouses for grain, demand for food in different localities and in
different seasons, availability of food from different regions under different
climatic conditions, and distribution of food-stock to meet demands fully or
partially. The system has remained capable of being regularly monitored and
controlled.

Housing: Sterling (1977) developed computer applications for regional plans of
house building and reporting on potential violations.
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The author has experience in working with the urban development authority in
the city of Hyderabad. The data on existing housing units, their location, type of
construction, ownership, vacancy and rent payable, could be collected and stored on
a computer. The data can be used to monitor vacancies and implement urban land
ceiling regulations.

CONCLUSION

THIE ABOVE I.1USTRATIONS are meant to expand the concept of "control in-
formatic%,? based on feed-back information and control instructions within a
reasonable response time. It is evident that it is perfectly feasible te. develop and
implement such control and monitoring systems in the Third World so that the
benefits of information technology can be reaped..
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SECTION 3

National Policies for the Development

of the Informatics Industry

An issue of major interest to policy makers in developing countries
is the promotion of indigenous production capacities in hardware
and software in order to reduce dependence on suppliers in
developed countries for essential informatics products and also to
ensure that a full range of products is available, in particular
software, which is suited to the particular requirements of develo-
ping countries. A number of diverse national experiences are
treated, including India, Singapore and Mexico. A wide range of
policy options and specific measures are examined. The pre-
conditions for, as well as the constraints relating to, an in-
digenisation strategy are emphasised and the consensus emerging
points to the desirability of adopting a highly selective approach.
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Self-Reliance in Informatics for
Industrial Development

CP.P. Gupta
('ornpeur AIarntemce (orporation Limited. India

DEVELOPING COUNTRIES

Wmi ru- rm-N of this conference is Informatics and Industrial Development.
the emphasis i, on polkie- for information processing for developing countries.
The World Bank in its World De clopruent Report. I9Sf. has classified 3
countries (listed in Table 2) with per-capita income of between US$80-34t
as lo,-inc me countries. It is important to note that 30 per cent of the world
population lives in this group of countries. If we include China which is treated as
belonging to a separate category although its per-capita GNP falls in this group, it
covers over 50f per cent of the world population. There are also another 52
countries with per-capita incomes betwven $30 to $35( classified as middle-
income countries covering 20 per cent of the world population. It is the relevance
of inforniatics to these very large groups of people that is being discussed at this
conference. It is ironic that at many such events. they are hardly represented!

Industrial development in an isolated manner is not what the de eloping
countries are looking for. It has been argued that growth in the GNP of a countr,
does not necessarily lead to improvement in the quality of life which is the major
objective of most developing countries, Table I indicates certain indices about
their quality of life.

An examination of this table indicates very forcefully the areas ill which
improvement is required and tends to show that the normal applications of
computers in the industrialised countries may not have much. if at all any.
relevance to the problems of the developing countries. It is well known that
computer applications in the industrialised countries have been directed towards
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Table 1. Indices of quality of Life

IC CHINA MIC Ic

I. Countries in each group 38 1 52 is
2. Population in millions 1294 952 873 6(8
3. Percent of total world population 31 22 21 1,
4. Projected population for 2(KXI Al) in

millions 20150 1251 1411t) 73o
5. Percent of total world population.

projected for 20(K) At) 34 21 23 12
6. (iNP per-capita in US S 2(X 211 1251 '8071

Spread of per-capita (NP in US $ (A) 230 3(X1 3470
t o t o t o

3N1I 3500I 1211H(
8- Production distri butil percent of gross

domestic product
a. Agriculture 38 10 4
b. Industr% 24 34 37
c. Serv ices 38 511 59

. abour force distribution per cent
a. Agriculture 72 62 45 ,
b. Industry 1I 25 23 39

c. Serx ices 17 13 32 55
101. Energy consumption per-capita in kgs of

coal 101 ('45 (13 7( 1 K I
I . Adult literac rate (1975) 38 - 71 t,

12. Number enrolled in higher education as
percentage of population (1976) 4 -1 3

13. Life expectancy at birth in years 51 71 61 74
14. Population per doctor (1977) 9)(K I - 4310 031

15. Daily calorie supply percapita as percent
of requirement (1977) 91 10S ',(S

All data are tor 1978 except where otherwise indicated.
Abbre,.iations used: tIC -low-income countries.

MIC-middle-incone countries.
IC-industrialised countries.

Source: World Development Report. 1980. World Bank. Washington D.C.. USA.

clerical labour-saving data processing. an activity entirely irrelevant to the rest of
the world. Much harm has been done by thoughtless copying and introduction of
computers for similar applications in the developing world. Unemphyment is one
of the major problems of the developing countries and such applications may onl%
contribute further to the unemployment problem-if not direct unemployment.
certainly the growth of unemployment-and redeployment of staff causing
personal problems at the individual level. Entirely new approaches and innovative
applications may be and are required for information processing to be relevant to

.. . . . i .. . . . . . . . . .. . .. ...... - * i II i . .. . .. ... . . .. . . .. . . . ...-- * 1



Stl F R-IAN('I- IN INNIRNA I'IS Ill

the developing countries. Applications in agriculture, rural economN, health and
education are of primary interest. Computers need to be used for deelopment-
oriented planning.

The Objective of Self-reliance

It is the theme of this paper that for the meaningful application of informatics for
developing countries an important pre-requisite is self-reliance. India. since its
independence in 1947. has adopted this as its philosophy and-framed its policies
to attain this objective.,OuitC often people cite the example of manN countries
where, with the help of foreign support and foreign business. particularl, spec-
tacular improxements in the standards and quality of life may have been achieved.
While this mav he so. the relevance of this approach to most of the developing
countries needs to be examined critically. For a soy ereign independent countr. in
the long run it is essential that it stands on its ovn feet. depends on its own
resources and skills. This seems an uphill task in the beginning. It also appears
quite often that the policy of self-reliance stens from the thought that the countrn
does not have enough foreign exchange, its balance of pa~nents is not satis-
factory, and therefore it wants to reduce imports. I w-("d like emphatically to say
that this is not so and whether a country has enough foreign exchange or not. the
importance should be on long-term development of skills and resources and the
independence to use them to meet national objectives.

THE COMPUTER INDUSTRY

it i Now ;o on to the theme of self-reliance in the computer industry. Let us
look at various activities which contribute towards self-reliance--research and
development, manufacture, systems engineering, software development, ap-
plications development. maintenance and training.

.1anufacture obviously suggests itself as the very first activitN in this direc-
tion. However. keeping in mind the economy of scale and the very rapid
development of technology worldwide, this is something which needs to ie
examined \cr carefully. While efforts must be made to achieve self-reliance in
manufacture, it would be unwise to try and manufacture everything. Selective
imports,. particularly of sub-assemblies, units. etc., could be undertaken. For-
tunatelh there is a large number of manufacturers in nany countries who offer
high quality and low cost components and equipment. Thus without getting too
dependent on one country or one manufacturer. imports of optimum price-
performance equipment could be undertaken.
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By and large. manufacture in developing countries is limited to rather small
computer systems based on microprocessors. Unless %ery carefully used, such
svstems would handle only very simple, routine data-processing applications. lin
India about -114) such systems have been supplied, which unfortunately are used
largely for simple accounting purposes. This emphasises the need for technolog,
to be used in anl appropriate manner to ensure continued growth of employment
in a country like India.

There are application areas which contribute directly to national develop-
merni and deserve considerable attention e.g. process control applications, railway
wagon information, power systems control, flood warning systems. etc. Computers
are an integral part of such dedicated systems. Today most of these systems are
supplied on a turnkey basis by a limited number of manufacturers from the
industrialised countries. While the hardware costs are going down, the cost of
manpower and software is increasing. A total system of the type mentioned above
may cost anything from US$1 million upwards. However. the actual cost of
hardware may be only 401 per cent of this cost. There is therefore no reason why
the rest of the activities. e.g., systems integration. interfacing, installation, com-
inissioning. maintenance, software development, training, etc.. should not be done
hWallh on a national basis. The options open to a cotlntilr like India are:

0) to import such systerns in totality.
(ii) |mnufacture the hardware and other associated equipment, or
(iii) start doing systems engineering activity as explained above.

It is oh ious that the last option is the most economical and beneficial. It
retains the ad anlage of geting tile latest and the i. ' r.liable hardware and vet
depends for a large portion of the activ it, on one', oA resources and skills. This
ict\ iit\ \%ould of course depend upon the axailabilitv of technical skills in the

countr\. India. tor instance, has skills to performni many of these activities itselfand etlorts in this direction have been going (n in our country for quite some time.
Similar activities are being developed in many other countries.

lhese actixitics also need an organisation which would be national in
character, independent in approach ard with the capability of rendering total
support. The (oern ment of India. keeping this in ilud. set up CMC (Computer
.Maintenance Corporation ILimited) in l476 to provide one-point total support to
cOIIIpLtler users. This actixitv is now being carried out ill a most meaningful
manner by ('MC which works closely with the Central Electrical Authority and
Inc Meteorological Bureau,. etc.. to introduce computers for control and monitor-
ing purposes. The same idea can be applied to large-scale general purpose
computer systems where systems engineering activity can be carried out by
integrating the best hardware aailable. imported if necessary. and developing
software internally to reduce the total cost.

Another major objective is to detach the Indian computer user from the
foreign manufacturer and to insulate him from normal marketing pressures.
According to current policy in India, if a computer needs to he imported, careful
evaluation of the requirement is carried out by the Department of Electronics of
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the Government of India. As pointed out earlier, the system is mainly used for
applications which lead to growth rather than those which perform ordinary
routine data processing jobs and mechanise standard clerical procedures. The
support services, including hardware maintenance for imported systems, are
provided by CMC. These services include site consultancy. site preparation.
installation and commissioning of systems, software support, systems advice, user
training, applications development, etc. It is interesting to note that while in 1975.
computer equipment in India was mainly supplied by two multinational com-
panies (which had marketing and support organisations) now there are about
twenty manufacturers whose equipment is supported locally. It is doubtful
whether such a diversity would have taken place without the emphasis on
self-reliance in this important field of support and maintenance. Another example
of this is the take-over of maintenance of IBM equipment in India in 1978. when
IBM decided to close operations in India.

Enhancements to already installed systems, by integrating other manufac-
turer's supplied peripherals, are also being carried out.

Another advantage of having a national organisation is the pooling of spares.
Even if more than one manufacturei's equipment is brought into the country, all
spares can be maintained in a pool. Efforts for indigenisation of spares are being
made in our country to reduce imports and develop self-reliance.

It is only when the basic skills for integration, installation, commissioning.
maintenance, software support and software development are available from one
organisation that the systems engineering activity referred to above becomes

Table 2. list of low-income countries

Kampuchea Dem. Sierra Leone
Bangladesh Zaire
Lao PDR Niger
Bhutan Benin
Ethiopia Pakistan
Mali Tanzania
Nepal Afghanistan
Somalia Central African Rep.
Burundi Madagascar
Chad Haiti
Mozambique Mauritania
Burma Lesotho
Upper Volta Uganda
Vietnam Angola
India Sudan
Malawi Togo
Rwanda Kenya
Sri Lanka Senegal
Guinea Indonesia
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feasible in an economic manner. The above type of activity obviously presupposes
a high level of skill availability in the country. Research and development
activities, education and training in computer science and technology at academic
institutions are a prerequisite for the development of such skills.

It is obvious that unless a conscious decision is taken to develop self-reliance
and consequently develop the infrastructure and support services, a country would
go on depending upon imported equipment and services.

It is the marketing pressures of manufacturers, political pressures and some-
times the availability of surplus capital which may make a country continue to
depend on imported equipment and imported support services and thwart
meaningful development in the country. In the short-term it is possible that many
countries may not have the requisite skills. If, then, we have to depend upon
outside support. it is perhaps better that we depend upon each other. Let a real
transfer of technology take place under the TCDC (Technical Co-operation
between Developing Countries) concept, and not just an exchange of goods and
services for finance leading to a continued dependence on imports and restricting
the growth of a nation's economy.



r'The Informatics Industry in Mexico
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Carlos Enrique: Arcaraz
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BACKGROUJND

-A rwFrIrrtoN (W CI 1tRRF:NI PROM UAI-S in Miexico's intortnatics industr\ involves an
analvsis of the conditionS under which this new technology de\,e~lopeld in this
Country and of the factors that has e influenced] its behaviour in the course oif time.

Electronic data processing techntologN was introduced to *+Olr ile
mid-fifties. In the early sixtics, after a few isolated acquisitions. the use of
computer,, began to grow consistent lN and international manufaI.&cturers of these
products, took advantage of this growvth to establish offices in this country. These
facilities were solel% for marketing, becaus e in terms of actual denmand tht. market
wvas as Net too Small to Set up1 mnufacturing or asse mblinig operation" tor Such an
expenivel and sophisticated technology.

Fxpenditure in this area amounted to 20 tmilliotn dollars in the late sixties: this
fipurehid doubledb\ 197 an compu row f fol cbntv need7fo

gro tho optriprs sela h onr' ie o
informatics technology, is largely an outcomie of Mlexico's industrial growth.

However. the use of this technology gave rise to a nutmber of difficulties due
to the absence of an appropriate human, technical, industrial, financial and legal
infrastructure. If all these things had heen present. the potential henetits of the
new techtiologN, would have been more efficiently capitalised. but their absence
made it necessary to improvise mechanisms to regulate the import of these
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products and to rationalise their use, neglecting the creation of measures that
would promote this new technology to meet national requirements and reduce
Mexico's dependency on other countries. Multinational corporations took ad-
vantage of this lack of foresight to gain entry into this country and created ae
oligopolistic market.

It is estimated that the present universe of computer goods and services
suppliers is made tip of some 609) organisations, whose total revenue in 1978 was
of the order of 38,0)0 million dollars. Eighty per cent of this amount (30,742
million dollars) was accounted for by only seven companies, known as the
"Mainframers". These companies dominate the Mexican market, as they supply
the largest portion of the informatics infrastructure presently in use in the
country: an infrastructure which has been managed in keeping with interests that'
are not totally consistent with those of the nation...

The need to collect, process, store and retrieve an immense amount of data in
a logical and orderly way and with maximum speed and minimum effort brought
about the proliferation of electronic computers, and because of this need, com-
puters became solidly entrenched in the country's organisational structure, creat-
ing a direct dependence on this tool, as it helped organisations to grow to such aii
extent that their management and control with the manual systems used formerly
became virtually impossible.

However, because of this tool's sophisticated technology and high cost of
manufacture-in addition to other characteristics-it cannot be manufactured
entirely within the country at competitive prices. In spite of the financial benefits
that such manufacture would generate, the technological complexity of the
components makes domestic manufacture impossible, thus further strengthening
our dependency on other countries through the international organisations active
in the Mexican market.

This multinational presence in the growth of informatics has influenced in the
past the adoption and development of informatics technology in Mexico, since
almost all suppliers of computer goods and services in the country are part of
multinational corporations or depend on such organisations.

MEXICAN MARKET STRUCTURE

A(('ORDIN(; TO DATA being compiled by the General Bureau of Informatics Policy
of the Ministry of Programming and Budgeting, there are some 350 companies in
the country that may be considered as direct or indirect suppliers of the national
market; of which only 92 can be considered important because of their total sales
volume, which in 1978 amounted to 265 million dollars.

Of these 92 companies. 37 sell hardware, 28 sell supplies and 57 provide
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services. The difference in the total is because some companies sell both hardware
and service at the same time.

A comparative analysis of the revenue percentage. worldwide, of the seven
majors (80 per cent) compared to their market share in Mexico that same year (61 per
cent) seems to show that their position here is not as strong as in other parts of the
world.

However, an itenised breakdown of their revenue in Mexico shows that they
had 71 per cent of the hardware market and only 14 per cent in supplies. Their
market share for services was 83 per cent, so we must conclude that in all items
where sales were dependent on technology, these companies' market share is very
similar to what they have in the rest of the world.

As to other percentages. both in hardware and services, local firms compete
with organisations which, although not considered part of the seven majors,. do have
foreign capital and a predominant market share, so that the purely Mexican
companies cater only for marginal market requirements.

I)FFICULTIES FACING INDIGENOUS SUPPLIERS

Ci MI PS ( 1 N i'AN Its A RI- ill anil unfair competiti\e position vis-i-\is international
firms, because they lutist import foreign technology by purchasing patents.
manufacturing licences and specialised machinery at free market prices, since
their volume is not enough for them to be considered internationally important
clients (the country's consumption of inforinatics goods and services represents
less than I per cent of the world market) and therefore they cannot demand special
prices.

Moreover, they have no access to low cost financing or soft international
loans. Their operations are conducted virtually on a cash basis (oX) days at most)
and thus they cannot be flexible in their marketing practices or sell on credit
because of their inadequate liquidity, nor can they alTord to wait a long time for
buying decisions.

The supposed comparative advantage of cheap laboun is cancelled out h\ the
high relative price of components and other structtural factors.

Furthermore. the educational system in the past had taken no measures to
provide this sort of academic training, and the result is a shortage oif personnel
with formal training and the proliferation of technicians trained hy vendors. who
it) so in such a way as to bind them to their own particular product.

In addition, most users who acquired hardware in the past did so on a lease
basis because high prices made purchasing prohibitive. and the marketing policies
of vendors were designed around the lease of a complete package (hardware.
software, training, maintenance and service) claiming that it was better for users
because of convenience and technical obsolescence. The result was that the
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suppliers of goods and services had a captive market, and to further their
commercial interests they made it impossible for users to go to alternative vendors.
This has been a great obstacle to the penetration of local firms in this market.

Other problems that frequently arise are an incorrect interpretation of tariff
classifications and the time consuming procedures to secure importation permits
and administrative red tape in case of claims arising from import problems.

With the purpose of helping a local informatics industry, in t 7, manufac-
turers were asked to submit manufacturing plans using a larger amount of
domestic inputs to qualify for tax incentives.

Although many companies submitted their manufacturing programmes with
domCstic inputs. only eight can be considered of importance in the local market.
and of these, five are totally Mexican and independent.

Of the other three, one is closely linked by its source of technology to a
multinational corporation, under the OEM system (Original Eqtuipment
Manufacturer): and the other two are multinational organisations with manufac-
turing facilities in Mexico

Their major products on the market are modems, microcomputers. telcprin-
ters and naonetic disk holders. Howc er. the ratio of domestic inputs is not more
than 33 per cent in any case.

The local market is restricted and insufficient for them to have mass produc-
tion with economies of scale. Ill spile of the Mexican market's natural un i aion.
the variety of computer models on the market is much too extensive. Of some 235
multipurpose computer models in the world marke! in 1979. more than 1-411 were
sold ill Mexico.

The total number of multipurpose computer models (235) in a large market.
like that of the US. for example, with more than (0,0t((0 computers. means that
there are groups of a certain kind of hardware with sufficiently homogeneous
characteristics to create specialised services or industrial activities warranted by
the economics of scale.

Al entire industry of specialised firms has been created around some
computer lines, and even around some models, that build compatible peripheral
equipment and design educational programmes and application packages.
independently of the original manufacturers.

In Mexico, however, the users of most of the 14f0 computer models form
very small groups which in no way justify the organisation of a special training

program unless developed by the vendor at the home oflice.
The highly fragmented market is one of the main causes for the slow growth

of a national informatics industry, even in fields where industrialisation is possible,
such as software development. application packages and terminal construction.

Efforts to organise users of different suppliers and even of different models to
improve service and act together for the development and exchange of software
have. basically, succeeded in improving service.

The supply of minicomputers is even more fractional, not only because of the
variety of models made by the same manufacturers, but also because of the
increasing number of venidors.
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The runawav increase in numbers of vendors hurts consumers Used to certain
rules of the industry, like maintenance service guarantees. technical support.
training and others. Vendors of the latest generation of hardware do not supply
these guarantees and frequently leave users without service or spare parts.

This damages both users and the incipient national microelectronics industr\.
because of the negative impact on the image of the mini and microcomputer
industry.

Competition in the foreign market. particularl\ in LAF-TA (Latitn Amnerican
Free Trade Association) was restricted by the Supplementary Agreement to
Article 15 of the Mlontevideo Treatv. entered into in 1962.

By this agreement. production and export ation of "machinerv for infor-
mation processing* was assigned to Brazil. from where computers are exported
duty free to all Latin American count rics. \Ic~ic,). a,, a part\, to this agreemnift. vs
therefore excluded fromt any part icipationi in this mrket.

ACTIONS TAKEN

IN VIF\wO iall these problems. the Niesican go~ erfiment hasl Undertaken at number
of specific actions designed toprmtanenoag(icrmhifaainl

informiatics industrv. The preparation of a National Plan for Informnatics Resource
Development is currently uinder way. [his plan shall cover all inforimatics tech-
tiology atnd its disse m inat ion and a ppl icat io n. inclIudinfg suich ti i i g ,a

Improvement of national prod]uctivity and ctficictie\ by mecans of a rational
application of technology-
Creation of growing awareness, of the in1iplicatI( Iln 01 Llsiflg ti kifKfnd of
techniology:
A reconsideration of the legal framnew. )rk that lt)%% 4i '\cm tititumatics. Niicc

the manufacture and] use of this technolitp %Oll i;ise iceissic thai1 m1Ust be
covered by the legal system
Co-ordination of research and deC elopmlICnt ctloriN of tlL he io, in nficrsfitics.
research institutions andl( corporations in the cotinti\
Ilse by the governmemt of its iassi~c purchasini po%%er and IciltieInItcttts to
implement strategies and actions for the hecnctit of loicstic mttfthfstt and c' ci
its possible direct participation ii fiinanitcal f vks
lin short, the plan is to establis h the basfeC premIiseS And gtULfdClC ties Ii a11011C%

regarding the de ye Itpmntr if infrifmnat ics rest ii cs sio IlI i an illapro pri ate
infrastructure can be laid down thIiat Will all(M m miput ers totibc lull\ anid pi iitabl\
utilised throughout the cotintry.

At the same time as, the N at ionial P lani ftor I )evehpinit if In ft itiat ics
Resources is being prepared], several other actions have beeni Initiated to or ' anise
users of the various makes and] even of the v'ariouis models. with the purlose oif
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-improving service and exchanging and developing software. through the In-
formatics Technical Consulting Committees of the Federal, State and Municipal
Governments

"Tyvpic7 tracts" have been developed by users and thc Federal Ad-
ministration's major \endors, and an agency has been created to regulate federal
acquisitions based on technical, economic and financial feasibility studies.

III order to regulate the establishment of foreign corporations, a number of
policy guidelines have been proposed to deal with foreign investment in the area
of electronic data processing.

There are several financial agencie.s with the basic objective of promoting the
growth of small md medium industry, such its The Guarantee and Promotion
Fund for Small and Medium Industry. the National Project and Study Fund, the
National Industrial Promotion Fund and the Trust Funds for Industrial and
('ommercial Parks and Centres. Small and medium business, such as the in-
formalics industr. can Io it these acencies to secure loans for pre-inm.est ment
studies. as well as shot" and long tCrl loans for risk capital or installation of
facilities.

Technical ;assistance has bcen provided by specialised institutions, such ais the
National Productivit\ ('enter, the Fund for Industry Information and Documen-
tation. the National Science and lechnology Council and the Industrial Financing
leclltical Support Institute. -o perform all these functions an action tool has
been designed called "'industrial extcnsionism"'-an innovation in this field-
implemented b\ specialised and experienced agents who directlv advise busi-
nessmen and industrialists. supplying a complete package of service and support,
so as to graduallv solve the various problems faced by industr%.

A study is presently under way to analyse the current characteristics of the
national informatics industry and of research being conducted in this field, so as to
identifk the major problems in the way of its development. This study shall be the
base for the promotion of stralegy guidelines and policies to orient this indust r
towards a dc\chlpment pattern in keeping with the countr's requirements.

These measures have lee! adopled b the Federal Government in \iC of
the need to promote various sectors of vital importance for the !1ation',t

developmntn. Flectronic data processing is considered to be one of these becausc
of tile many and complicated links that connect its technology to the differCnt
strategic areas and sectors oif the counti-v.



V"Tofhe Computer Knowledge Industry-A
0 Look at the Economic Rationale of a

New Phenomenon from the East

Robert lau
Singapore (omputer Society. Singapore

SOME FACTS ABOUT SINGAPORE

Tiln REVI'i I- O1 SINGAPORE lies just north of the equator at the southern tip ot the
Malay Peninsula. It stands on the ancient trade routes between east and %west and
continues even today to be a vital link in the movement of people and goods from
all parts of the world. This strategic location enables Singapore to establish close
trade ties between all countries in the Asian region. To the north. Singapore
serves Malaysia, Thailand, Philippines, Korea. Japan and all other countries in
between, to the south. Indonesia, Austt.,lia and New Zealand. to the west the vast
markets of the Indian sub-continent and Europe and to the east, the United States
of America.

Singapore is an island city state with an area of 650 sq. kilometers. The
population of 2.5 million makes it one of the most densely populated areas in the
world. Singapore is multi-racial, multi-lingual and multi-cultural. All Singaporeans
intermingle in a harmonious pot-pouri of languages, sounds and colours. Sin-
gapore has four official languages comprising English, Mandarin, Malay and
Tamil. All citizens of the country are treated equally and no discrimination of any
sort exists.

Literacy among Singaporeans is almost 100 per cent. The English language is
the language of technology, science, government and business. Most of the
population is bilingual with the English language as the common language. During
the past 1) years Singapore has emerged as a centre of finance for the whole of
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the South East Asia region. There are all together 100 baAks operating in
Singapore either as full banks or offshore banks. By and large there is no import
dutv levied on capital arid essential consumer goods and there is no foreign.
currency exchange control. (See Table 1.)

As a country Singapore is known as the cleanest city in Asia with a
reputation for strictl\ enforcing the preservation of the high quality of the

environment. Its people are highly disciplined and motivated. All male citi/ens
are required to undergo - \ears of compulsory fulltime military service.

Table I. Banks in Singapore (by country of incorporation)

Number of Blanks: 99
Number of countries represented: 23

('ountrs of Incorporation Number of banks
U.nited Statc', __- 2
Singapore - _ 13
J:aal- ____ ___ _ __ I I

tlnited KilnL_doja ... . ,
Nlala ,si a------________ ___

Canada.....____ ______

Indial 5
'West ( iermans __ 4

F~ranice - ___ -__________________ 4
Swit/crlaml 3
thongkonL:
C hina .. .. ...

A ustra-ha
Netcerlands 2
SOU11il 1 KOrt'Cc

Br-,'il__ _ _ .~

Philippines - - -

lin donesn,,a----------..---
Ital\ . .
lnki,.tan- . .. . .

Sain - .
I amxan .. . .

Growth of Commercial Banks in Singapore

end-Jan
1970) 1975 1980 1981

Fill l icence 1- 37 37 3
Restricted 2 - .2 3 13
Offshore . . ... . . - 21 47
Total .. 37 70 97 99
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Table 2. Unemployment in Singapore 1960-1978

Percentage of
Year Number ('(X91) Labour Force

1 90) 67. 13.
1965 70.0 12.3
1971) 75.8 1114
1974 34.0 4.0

1978 35.7 3.6

The picture painted of Singapore did not come about because of some
fortunate circumstance. Some 15 years ago the picture was extremely grim to say
the least. When Singapore became independent in 1965. it faced the frightful
combination of high unemployment, the complete absence of a viahle industrial
base and total absence of natural resources. Furthermore the social and govern-
mental system left behind by a colonial government made the rebuilding of a
nation, together with its attributes, a matter of vital and urgent necessit, regard-
less of how benign the past colonial government could have bea. 1 a fortunate
combination of geopolitical circumstances over the past 15 years and the prag-
matic and sometimes even painful decisions which have to be taken to establish a
long term economic base. Singapore was able to navigate the troubled and
turbulent years of the '70s with reasonable success. (See Table 2 and Table 3.)

By 1973 Singapore achieved practically full employment. In the years that
followed it became necessary to import guest workers to man the more labour-
intensive industries. By 1979 about 10 per cent of the total work force in Singapore
were immigrants. The long term implications of this trend and its impact upon the
social fabric of Singapore were not lost on the planners. It became clear that the
conti-tation of labour-intensive but low productivity industries could seriously
affect the prospects of economic viability in the 21st centur'.

RESTRUCTURING THE ECONOMY

IN 171) S-mEPs WERE TAKEN to restructure the economyo aim specificallv at industries
with a high level of technology. Many of these target industries such as axionics
require extensive inputs in terms of manpower training and capital investment. In
this connection, encouragement is given in the form of attractive financial
packages. Wages have been allowed to drift upwards as an incentive to workers to
upgrade themselves. Re-training of staff by employers for higher levels of work

J
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ire shidiscid Ill ( Pos rtnncnt. Ia\-holilas and soft loans fill .aptoiis ill-
dltst ries are also oticeed.

I itese tue asu res resulted ill tile ph atN in o (if at nuibetit of ii st ,ri es I II Ch
lxetc tinlable or unwilling ito respotid it) the chaii'ge in industrial clinit I 1osc~c Pr

it is not correct ito sas\ that thle economic planners of Sing'1apore ire alou ; orI l
unNss tpathetie lot ito entrepreneurs wkho has e insested substanitial it Sing-apore
HI 1)[1opportunities for the transforma~tion (it itidustries esist Intd generous1.1 .INNt-

tarteI is loiaNs offered 1v the (1os ernutnett to help ito upgrade thle cicit
cchlo l gy in anN i ndust rN It miiust he rca Ii sed that,. aS a i in1111 n ti m is e asa frot
lie mo re basic fo rnlis i f incdust rl because if thle inc re asti ini petenM~lcet: (itsl

peCOple and thle needL ito look bevuind the role of proidtiet Cheapl labhour for
utiprodunetis e in dust ries. the cilitre pre tie irs uNt iitespi n d inl like ian vier ii o rlei
ito slav in business. All developing countries has e this ;ispirat iit avid there Is

noithitng ads erse iti such countries aimning it) take their rightful p),Ilace .1n10i- itileh

ranuks o f des elli pd COInn ties
.il is at vast lavidtulass 110i1%it12 one third iif hUItattits It is dl~Uge tinder-

developedc anid i mnany tnstatnces. teehnuiluii is almost ckitultls~l ntiktiiis( vi.

As at notable exCcptionT to Cutties iti Asia. Japan has been t1ciesivL! its

itidustrial miuscles over thle latst tvo decadeIs. Its ettrs ittile ittiituobile atnd
eConsutmer electronics markets atnd its aggressisc e tarketitig- pixlicies Iotiiehe \itlt
high jin duct ivity v of la bur a imningi at e ri -dfct C t s ~kIICI a e hil m p0Ie )Itel
niestiirised other developed Countries. T'here is es identinow ti sliuis that Jlapatn
is planning to i play a largur rt le. The larger co rpo rat io ns are beg iiiiiit!i to I cqauirc
Interests Iit proiductioit facilities in the West atnd are exitndittg their IItutihatUr-
itig bases" bevort d J apaiill i Te stud ller corpo rat ionts in tJ.apan ti ith iiiiIa r init crests,
are also planing miergers antd aeq iSi t io tit) seecure sit licie nt clouiit it) imtpri ne of)t
their ethicietis id aktpsi ois It is c lea r that Jtaparn "iill a ttiemlp t lit r ev
antid i tiprove upon its dorminaniit market positioti b,\ tra nsfo rtin ig Ii rna rro

q production base at homne to i woirld-wilde tietwuirk atid also to take ads atit ' e of
!ill\indienousreserch ad deelop e apalbilt esp)ciailly illtil ItadsaicedI

Westerni couinttries in oirder to tmaintain its loitg-temi leaditig-edge p-osit iiin
Ill ciimputer tiantufaeture and itiforniaties. Japan occupies topl positiot iltn

Asia. Its burgeoning itifortuaties inidustry has overtakeni matil\ developed coutn-
trtes and tuidav is second only to thc United States. Research arnd dleseluituent
itto VLSI technlology atid] the unheralded but significant progress iti roibotics have
resulted init st rong base to dominate itifirtiiatics in the 21st cetitur\. Japatis past
pewrfi-rniatice inl penetrating established markets gives every reason it)i thitik that
its efforts in the informaties market, which is still early iti its product life cycle, will
prove to he equally if not more spectacularly successful. (See Table 4.)

Asia represetits the biggest area of potenttial growth iti the World. The next 201
years will hopefully see a rationalisation of the political and ecuonmic poKt-poourni
of Indo-China and the Peoples Republic of C'hina. The increasing stabilitL oif thle
South East Asia region through consolidation of ASEAN will obviouslyi streng-
then the purchasing po~wer of the region and etnhance its position as a market for
advanced technology. It is not unrealistic to expect that this market could exert
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considerable pressure on the direction which informatics will take in the region.
Informatics technology applicable in the developed countries would no longer be
foisted upon countries in South East Asia without regard for the differences in
cultural, sociological and economic backgrounds. As with all products the market
must ultimately decide on what it wants. In Asia this is no different and the
informatics industry must accept the fact that the Asian environment will require
Asian solutions to Asian problems.

Singapore is a traditional free port and almost all manner of legitimate
businesses and enterprises are allowed to operate with practically no Government
intervention. The system of education with its emphasis on the hard sciences and
mathematics facilitates a natural shift to almost all areas of technology.

The first computer was installed in Singapore in 1963. As of this moment.
there are over 4X) computer installations of various sizes but not including
microcomputer systems. It is anticipated that the number of installations will grow
to a thousand by the end of 1983. This works out to about 0.04 per cent saturation
over 2.5 million people in Singapore. Applications are varied and range from
international network systems for airline reservations to banking systems, process
control systems in the three oil refineries in Singapore and the normal business
and management applications.

DEVELOPMENT OF A SOFTWARE INDUSTRY

-- IN PLANNIN6 the emergence of a software industry in Singapore over the next 10
years. the Singapore Government paid particular attention to the supply and
quality of manpower. In this regard the education curricula were reviewed and
new training institutions established for the express purpost; of training software
personnel.

Tob bkAi with, computer studies as an examination subject will be offered to
all A-level tudents with effect from this year. Over 2(X) mini and micro processors
will be installed in all secondary and pre-university schools within the next 18
months. Teachers have been undergoing training since mid-80 to ensure proper
staffing in the schools. The National University of Singapore has revamped its
syllabus to include a large element of computing in its curriculum in addition to
pure computer science. This will ensure that graduates would be suitably trained
to be productive almost immediately. Teaching of computer usage is also included
in other disciplines such as engineering, science, business administration, com-
merce, economics and so forth.

A training institute known as The Japan Singapore Institute of Systems
Technology was to be set up by the end of 1981. This institute, a joint venture
between the Japanese and Singapore Governments, will train software personnel
for both large and the minicomputer systems. It will also offer training courses for
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non-computer professionals such as engineers, managers and upgrading courses
for existing computer personnel in the market. A second institute known as the
Institute for Systems Studies will also be set up. The initial objective of this
institute is to concentrate its training to basic entry level software personnel but
the institute will work closely in future with the National Uniersity of Singapore
and comptuting professionals on software at the leading edge of the tcchnolog%.
(omputing studies hav-e recently been introduced into the two technical colleges
in Singapore. Another two technical colleges are expected to be established hw
mid-19,.(s and they will have computing included in their curriculum.

These steps have been taken to ensure a steady supply of high quality
manpower in Singapore. The Singapore Computer Society has been asked to
assist tn ensuring professional competence and standards in the industry. Contacts
have been made with the Institute for- Certification of Computer Professionals in
the United States, the British Computer Societv and the Ministry. of International
Trade and Industry of Japan to explore the possibility of reciprocitN in
qualifications and membership. The development plan calls for the production of
1I0.0(0(4 highly trained personnel h mid- 148)s.

On the business side of the coin. various incentives in terms of financial
support and tax-holidays will be introduced by the Singapore Government.
PurchasCd computer equipment can be written ofT against corporate tax over 3
years. Organisations who send their FDP staff for upgrading courses either in
Singapore or overseas could be Subsidised by the Government up to a maximum
extent of 70) per cent of the total training cost. Guidelines are being prepared to
allow tax relief on income from software developed in Singapore and exported
overseas. The Government will also liberalise the issue of professional and
employment passes for computer experts who wish to set up offices or work in
Singapore.

You may well ask whether Singapore has gone overboard and created an
overkill situation to develop an informatics and software industry. You might
even feel that this mad rush to train a large manpower base is inconsistent with
the nature of the constantly changing technology. You might also say that without
first identifyiing the markets for different software, it would be wasteful of
resources to embark on such an ambitious training programme.

These and many other questions have been asked. For a small country such
as Singapore. having only recently overcome the frightful attrition of high
unemployment and low skills content of its workforce, and having to contend with

the stark realities of zero resource backing, the thrust towards the informatics
industry must be one (if the few options available to ensure the continued growthI and posperity of the country. Loo~king at the informatics World map. it is clar
that the massive potential of Japan must be recognised and accepted as a force
which will exert substantial influence in the shaping of informatics and the
direction it will take. For a developing country like Singapore, it is impossible to
compete with the industrial giants of the developed nations with their established
product and marketing networks. Joint ventures with multinationals could at best
place Singapore interests in the position of less than preferred shareholders.
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Informatics as a market product is still very early n its life cycle and as the world
moves towards increasing automation iii repetitive chores to maximise produc-
tivity of manpower and diminishing resources. the life cycle of informatics as a

genus is open-ended. Singapore's commitment to the informatics industr in
future is no more than trying to secure for itself a leading-edge position in a growing

market. The circumstances of education, language and economics all appear to be
auspicious. Perhaps in the arena of computers and informatics small may indeed
prove to be beautiful.
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. Appropriate Informatics for0
oDeveloping Countries

P.D. Jain
(omputer Maintenance (oroporaion Limited= India

THE PROBLEMS OF DEVELOPING COUNTRIES

TiI ItV PIN(i ()(, TRI-S have common problems-problcnis of hunger.
poverty. elimination of illiteracy, and the identification and management of
resources. The role of informatics.n these areas cannot be ignored. However. we
cannot also ignore the fact that the role of informatics~ill vary significantly from
one country to the other. The technologies developed in the industrialized
countries are meant for mass production and large scale units. These are normally
capital intensive with a heavy bias on labour saving dc ices. Further, these
technologies assume the eXistence of certain infrastructures and stability of
industrial activity"his unfortunately is not the situation in the developing
countries. The extremely wide and unpredictable fluctuations in the supply of raw
materials and other inputs put heavy strain on the small scale industries sector and
have defied the use of informatics in any meaningful way.

There is therefore a need to differentiate between the model for development
for industrialized nations and the one which would be of relevance to developing
countries.

The biggest single factor of production in these countries is labour. Any
program or model therefore suggested for developing countries has to ensure that
the existing level of unemployment is first brought down to a reasonable level.
Only after this primary task is completed can one visualize programs for a
qualitative improvement of the work force.

According to the International Labour Office (I1O). despite projections of
" 1I4)
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increased economic production, poverty vill worsen in Asia and by 1987 more
than 8MX) million people will be affected. ieneral unemployment and lack of jobs
are at the root of Asian poverty. The concentration of poverty is in the villages
where the majority of the impoverished Asian masses live, India. for example, is a
country of NX),(XX) villages. Approximately eighty per cent of the population lives
in these villages.

NEED TO CONCENTRATE ON RURAL SECTOR

"A (M'ARISON between various developing and developed countries' data on
labour force distribution brings out very clearly the need to concentrate on the
rural sectv.xr The table below based on a World Bank study shows the distribution
of labour for some selected countries:

Labour Force Percentages

Percentage of Av. Annual
Working Growth of

Population Labour
(ountrv (15-64 yrs) Agriculture Industry Services Force

1964) 1978 1978 1978 1978 198()-2(HX)

India 57 56 74 I1 15 2_o
Bra/il 54 55 41 22 37 2.9
UK 65 , 2 43 55 0.4
Japan 64 N8 A 39 48 (.7
FDR 6M 65 4 48 48 -
USA N) 65 2 33 65 0.9
Iran 51 51 40 33 27 2.9
China 56 61 62 25 13 1.4
USSR 63 65 17 47 36 0.7

The concern of thinkers and planners should be the development of the rural
sector first to ensure decentralization of economic growth and utilization of
manpower. The role of agriculture in the national economy can never be
overemphasized. It has been abundantly clear in the case of India and other
developing countries and even some developed countries. A very important
observation that one can make here is that any drop in the purchasing power of
the rural sector in developing countries can wipe out all the efforts for industrial
development. A corollary of this perhaps is that if development of the rural sector
is taken care of. industrial development will be taken care of automatically.
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Since the days of the industrial revolution, the emphasis has been on the
growth of industries in urban areas. This has resulted in continuous pressure on
the small scale and cottage industries, eliminated artisans and rendered millions of
people jobless. There is enough evidence to show that in industrialised countries
the percentage of the population engaged in industrial activity is going down
although production is increasing.

Because of higher economic growth rates achieved in the developed nations.
bN more eflicient production and by siphoning capital from the Third World. and
cxirencm\ low% annual growth rates of the labour force, the effects of a reduction
of labour utili/ation are not felt so severely. But, in the developing countries, this
causes critical problem,, of unemployment, concentration of investment in a few
geographical pockcts and large scale migration of rural population to urban
ccntrcs Some of these men and women get employment or perhaps under-
emplo nent. Others who do not get employment continue to stay in the urban
centres in the fond hope of getting employment some day.

The .ocio-ccononic implications of such a population migration are multi-
farious. The ,train on the already deficient infrastructure of the urban centres and
the passenger and good s transportation system, the increasing crime rate in the
cities, the impact of the alienation of the breadwinner from the family. the
emotional strait3 a person from a rural area goes through when he has to close
do" It his loom or his match factory due to unfair competition from the organised
industrial sector-if all these factors could be converted into monetary values, I
reckon these would add up to a figure which would be higher than the industrial
output from the organised sector.

These are certain realities of life which have to be underltod and examined

before models of informatics developed in one country can be transplanted into
another. According to India's Revised Draft Plan 1978-83, out of a total labour
force of 273 million. 4.4 million are unemployed. 26.49 million are in recorded
employment and 241.98 million are in informal activity. A very high percentage of
this number is made up of a landless labour force. This segment of the labour
force survives on a l'ire subsistence wage. Not only is employment seasonal, but it
depends on the vagaries of nature. The second source of earning, the cottage
industries, is denied to him.

THE MODEL OF INFORMATICS FOR DEVELOPING COUNTRIES

WHAT IS TIE RELEVANCE OF INFORMATICs, as being discussed here, to him? Will
informatics continue to be accessible only to the elite and thus sustain its elitist
status?

Having said this. I would like to examine the factors which are contributing
to a lower rate of industrial development in many of the developing countries. For
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this analysis, it is necessary to divide the developing countries itn two broad
groups-the rich developing countries and the poor developing countries.

In the case of the poor developing countries, apart from the disruption in the
supply of basic industrial inputs like petroleum. coal, electrical power. the output
of industries can be increased only if the market can be broadened or the
purchasing power of the people increased. Broadening of the market outside the
boundary of the country is becoming more and more ditlicult duC to harriers
raised by importing countries. Thus one comes back to the problem of raising the
purchasing power of the rural masses.

One of the common denominators for the developing countries is an abun-
dant supply of human resources. The model of informatics for dcxeloping
countries and their industrial development, therefore, can be christened the model .
for human resource utilization.

The world of computers and associated informatics is a \er\ rapidly adanc-
ing one and a very glamorous one. The Third World blindl\ follows the dc\eh~ped

nations and lives in a dream world of electronic mail. lightpens and laser beam
devices. Many of the software packages used for information processing in the
Third World countries may either not be relevant or may oni\ serve the interests
of the organised sector. These pockets of information processing have becone
islands which are cut otf from reality and from the majority of the population.
Their interests may not coincide with the interests of the people and the countr but
are adopted to suit the needs of their orgalisations.

International organisations. academics, administrators and others interested
in the welfare of developing countries have to undertake the responsibility of
weaning away developing countries from blindly following the industrialized
countries. The emphasis of informatics should be on the exploitation of human
and natural resources, and on the rural sector-both agricultural and cottage
industries. An improvement in these sectors would generate suticient savings and
purchasing power to give a powerful impetus to industrial development.

To conclude I would like to quote from EF. Schumacher's Small is Beauti-
ftul: "The new thinking that is required for aid and development will be ditTercnt
from the old because it will take poverty seriously. It will not go on mechanically
saying: *What is good for the rich must be good for the poor'. It will take care of
the people-from a practical point of view. Why care for people? Because people
are the primary and ultimate source of any wealth whatsoever. If they are left out.
if they are pushed around by self-styled experts and high-handed planners, then
nothing can ever yield real fruit."



The Development of an Informatics

C Industry Sector in Ireland

D.P. Hanna
Industrial Deuelopment Authority, Ireland

INTRODUCTION

+i[ FXPI 0)S1%- F GROWTIH of informatics and the movement towards the information

society in this decade and the next has come about as a result of techrological
advances in a number of related areas-

1. Computer hardware, both mainframe and peripherals,
2. Computer software, particularly on-line systems developments and

database management systems)
3. Advances in data transmission using telecommunications systems.
Through its industrial job creating agency, the Industrial Development

Authority, the Irish Government has succeeded in establishing considerable
activity and expertise in the country in both the hardware manufacturing area.
and increasingly, in the export software area, and in conjunction with the
Department of Posts and Telegraphs, in the manufacture of telecommunications
equipment. Some comments on each of these areas may be of interest to the
Conference.

COMPUTER HARDWARE AND PERIPHERALS

Ttus INDUSTRIAl si-(-OR was initiall] selected due to its growth (up to 25 per cent
per annum in Europe). the high value/volume ratio of its products. the easy
transportability of the products, and its profitability.

1.34
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The initial strategy was to encourage as mianv of the world's leading
producers of these products to come to Ireland to service the European market-
place. They were attracted by:

1. A well educated workforce
2. Stable, and welcoming political structure
3. Readily available buildings on attractive sites
4. ('ash grants towards the cost of land, buildings. equipment, and worker

training
5. (Generous taxation incentives.
The companies which responded to this invitation include. '0 date:

( ompally Products

Digital Equipment Computers, Peripherals
Computer Automation Computers, Peripherals
Apple Computers Computers. Peripherals
Nixdorf Computers. Peripherals
Prime Computers Computers. Peripherals
Wang Laboratories Computers, Peripherals
Perkin Elmer Computers. Peripherals
Amdahl Computers
Centronics Computer Printers
Dataproducts Computer Printers
Documation Computer Printers

Ireland is rapidly improving the relevant infrastructure (manufacturers of
components. links with research institutes. universities etc.) to enable these
companies to integrate their Irish operations. and thus enable them to increase
the quality of their employment, their capability to become more innovative in
Ireland, and to become, in time, a training ground for Irish entrepreneurs.

COMPUTER SOFTWARE

IN MANY WAYS. the production of computer software is an ideal employment
creating activity for a country such as Ireland. The most important 'raw material'.
is a supply of well educated young people, which Ireland has in plenty. The
industry does not have a high demand for capital investment either directly or for
physical infrastructure (with two important exceptions-telecommunications and
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educational facilities), and is expected to icrow% extreniiel% rapidis in the
foreseeable future.

For this re~asoni. a new package of fltancial1 incentiveS is, current IN being!
desilned to enable the Irish Industrial Dev~elopment Ant horitv, to encourage holnh
Irish owned1CL and overseas owkned softwvare operations (both independent software
operations, and the software departments of computer and] inst runientation

companies) to expand their businesses inl Ireland.

TELECONMMUNICATIONS

A i'lt' H iFMI N I ill he1 deeClopien t of this industrs is at reliable and etlicient internal
and external national telecommunications capahiliti, with full data tranismission
capability. The Irish (iovernment has recentl\ committed in excess of &NIOhI million
for the install at ion of digital switch inrg syst eis, and other sophisticated telecomn-
mnttications, ejuipmeCnt to modernise our ssstems. Work hats alreadv started. arid is
proceeding rapidly,.

CONCLUSION

[Ri I .\Ni has approxiiiately 85 cotmpanies in its electronics industry. These have
Anl output oftt~i*4 million, and anl emplosmenIITt Of 15.0M(. This is expected to
double by' the mid- I98(ts. This industrial development has been 'forced' b v the
Irish Government which hats created conditions which enable the industtx to
flourish here. The kev inigredietnts to etnable Ireland to take its place in the
information societyv are al ready' in place and are being actively developed. The
wkhole process described above has takeni place in less than ten years. Developmients
prior to 1970) were survesved in Foster (1971). It is hoped that these experiences wvill
prove oif interest to representatives oif small nat ioiis whtich are not set high Is
indlustrialised.
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Indigenous Informatics Technology
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INTRODUCTION

INTORMArIcs. as interpreted here, deals with a wide spectrum of scientific, tech-
nological and engineering disciplines (Kalman. 1978). Informatics technology is
the technological sector of informatics which includes both hardware and software
for data processing, telecommunications and mass communication (Kalman.
1981). The Intergovernmental Conference on Strategies and Policies for In-
formatics (SPIN) attempted to identify a further segment. the appropriate in-
formatics technology (Kalman. 1979). The informatics technology which is ap-
propriate for one nation, might be rather unsuitable for others, due to the social.
cultural and economic dissimilarities of countries. The social, economic and
cultural diflerences between nations are well-illustrated in Figures 1 to 4 and
discussed in detail elsewhere (World Bank. 19t0: Kalman, 1982). The figures show
the average life expectancy at birth (Figure I). the number enrolled in primar,
secondly and higher education, as a percentage of age groups (Figure 2), the
percentage of the labour force in agriculture. industry and services (Figure 3) and the
percentage of distribution of gross national product ((NP) in agriculture. industry
and services (Figure 4) in relation to (NP per person.

These social, cultural and economic dissimilarities are also reflected in
countries' level of development in informatics (Kalman. 1974). Thus, each country
requires its own general macro-informatics strategy and to elaborate its cor-
responding sectoral policies. This paper concentrates on measures related to data
processing only. We believe that an appropriate selection k,f these measures leads

137



1 38 I\I-ORMA II R -AN[ IND(L'S I RIAM VI[\'L1 01:\

Figure 1. Figure 3.

I ifcI about
c~peccalCS f, rce

-f. Ag ricu It ure

\I rill I

~P p(-,Np car

Figure 2. Figure 4.

I nriln~~irProductionr

I'rirnar~ Agriculture-

Sees CC -- '-

Higher ice

z ~ Inclustrn

Jim) 11MNh IINImMI 114K1(11 IE
(iNP cap (-NP cap



1,10 M4 I N DA. [ Nt R 5 N I RII i I 1 11 Mi ttN Ii ( )(0) j
t

th ie Ii d ~cu 'n' des clt ime ii if an imnpo rt ant Segmen t of doimest ic iiiliati cs

PROMIOTIO N OF INIICENOUS HARDWARE INDU STRV

I III It \Rii%%\1 11 VN13 st FI i R relte.d to data and information proesin!. Icie-
COVIt M111 i lli nia i n id in atss ct i n ii nicat it n' arc in the rea in of in ftina tic', tech -

-1 flixihe research, dc% eltiient and production Of hardware requires sutficient
(1-1ure 20 and welil-edutcated (Figure 3M iriptiwer, as \%ell aIS ani advaniiced jFIIidSt rial
prtiductionl structure ([icuire 4) which are tx picail oif high ( NIl-per-perSon inI-
dust riili/cd count rieN Thec most important mecasures which can be benieficial for the
tkes elopnientl of a domiest ic hardware indLust rN can be suinniari/ed as, follows:

(oiernment financing of VLSI developmtent: [he des',igl arid pIrOducrtinl Of nie%%
enierai tions of dat a prticSsiig s\ stenis requiire. aiiiongi others, the de\ ehoinentt of
ikads .ckd. erx lrg scalle ititegrated (\VI.Si) circuits. 'Fhe experiectico f ini-
INtlialiied cotri c s slit\sss that special pr igrai iles Shoultt d be Set ti Mi d fin a need(

1,\ etiseminnts ftir research andL dexelopinent Of VLSYS. InI Japan. foir examiple.
the tt erimciilc it has Ctiscrcd SOt per cent tif thle research and devel~opment e~openscs

ttlie litc n latitonal ct unpu icr man ufact u rers wthto were respt nsible foir the
introidunetiton tif V'I SI ci rcuiits of tiew- geuerations, Of dat a pro cessi ng svst cr11s

(oieriltent financing of hardware dev elopment: Direct finiancial assistance should
be gixen fix gos erritnents tti the hardware indusLitr\ to cover a certain percentage
if anm expetnes related to aI new% generation Of datad processingv s'stemrs, peripheral

cqtipientII and terminail des ices. III JapNI agiu toi SOI per cent tif the research
an1(1d tes ef puent ctists were mlet by the _,os crnrlint in I 970. In1 coutitries.
lit twes er which hawe no indienious computer nlianufaCt urine, itIdIustv anld 0on1V
thle mnultiniational firmis has e local plants ftir one tir tither linec of their sxsterns. tile

"o~c~lllleltNstiuldaim a laneitig their inmptirts of gotidswihCIot f
Iticals nmanufactured equipment.

flank loans for restructuring industrv: fIn order to increase the comipetitis e post er
of the dlomiest ic dat a proicessinig indust tx. sti as tti be capable (if ieeuing the
ch all en ge oif foreig i a iiitfactu rers in t he It c Iiii mark et, niat ion aIde tce It ipilet
banks shotild granmt Itoanus ft r miianiu factuLrer, toi restructuLre thiir product ioni.

Rank loans for computer rentals: fitnm coutri es a ctinsiderable prtiportitin tif
comnput er sales is inI tilie ftr i o tf renital s. III irder to reducte t he titian ci a I utrden onl
Itical mianutfacturiers. thle tnatitonal baniks Shoiuld gratit loanis to supplv the required
retital funds. In Japan again the Japani Develtipment Batik regularly grants Joatis
tti the Japanese Fleet rorli C omuputter ('tmnipaniv for this particeular purpose.
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Special tax measure%: InI hardware manufacturing countri,'s the user who pur-
chases domestic si stems, to itflpro\ e his inforimation proIcessing capabi lities is,

of tell encour aged b"N thle go% !rn ment t hrough special depreciatitons (up to 1 201 per cent
in some places) against tasation for the initial period and at fisecd assect tt\ alia reduced
rate (4/s- 2/3 of thle ordinar\ rate) for another period of ltme.

(;u~ernment purchases: ( lvernmlents. are usuallo. the largcest ,ingle users, of
donimst ical lv pnid u ced dat a procs-in ' i product,, in itidustri al ied cot itri es anid
coulId bie ll iiiportnlt su pport for the doniest ic Iia rdw are in dust r .n t tlie U.n ited
States, for examlple. almost all cottputcrs, used b\ the f-ederal (io\einentt and
thle state goteniiints are of domestic miake. InI France. the central go erminent
office,.. as wellI as the os erseas territories were obligecd h\ law% to use French
rnacliiis. Although this policN did not go into actual etfect. the British National
IEcoinomiic D )e e hpnieitct Comunmittecc in its re port recominmended that all public
enterprises, inl Britain be required to purchase dotn11CStiCallk produced s\ stITfIs.

PROMOTION OF I NDIGENOU'S SOITW"ARE INDUSTIRV

IN ws it \fl-S I t I-I- 'Ji-AS1 Ri-S. the estab-lishment oif in itidependenC~t. natiotnal

hardwkare industr\ is ain extremly~ difficult task. es en for ma jor inldustriali/ed
countries like France or Etnglantd and probablk il impsij)Yble one for smlaller

counrie oflimited industrial potential like Belgium rHnav(iie4)
Ccrtaiti segments (of domlestic software requiremnents. hiowev-er. might be met
locally if the country's educational sys.tem prov~ides, the required. skilled mail-
power (Figure 2). It should not be assumed, howevec~r, that setting up at software
industry is at umuch easier task than the establishtment of its hardware counterpart.
The follow\ing measures are bericticial for the development oif at domnestic soft-
ware industry.

Government financing of software development: To promote an indigeneous
software industry direct government supports should be given to computer
manufacturers, service bureaux. software houses, universities and users with the
aitm of helping them to obtain computer hardware. land. educational atid training
facilities etc. The Japanese government, for instance, is financing the development
of high level languages, the automation of software production. on-line data
processing technology atid the promotion of informattcs inl the commuity.

Bank loans for software industry: To complement direct governmetit support batnk
loans should be granted for service bureaux. training and educational institutions,
and users for software development and training of informatics personnel.
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Special tax measures: In view of the importance of updating software, the local
manufactur.r should be allowed to set aside a certain percentagec of the tax on
their total software sales to provide reserves to cover expenses in making

modifications to software already sold.

Compilation of program register: In order to avoid duplication of elfort in
software development and to promote the distribution of availabhk program',
anione arious l users, program registe.rs should be compiled. "he, se program
registers should be easilv accessible for scrvice bureau., software houses an.]
users, is %%ell as potcntial users.

Protection of software: For the efficient operation of service bureaux and software
houses ii relation to the distribution of software, it is essential that strict measures
are taken bv govcrnmlents to protect the copyrights of the program owner.
Although the basic question of -what is to be protected against what" is studied
i a i number of in dustrialised countries, as well as in an international forun Ihb tle
World Intellectual Prope'rty ()rgani/ation, as far as we know, no important result
has been achieved vet. In ('anada. for instance, an attempt has been made for
revision of the existing patent and copyright acts. It has been suggested. at the
same time. that neither "nathematical methods or algorithms'" nor ''programs'"
nor ' a general or multipurpose computing or data processing apparatus adopted to
execi te a given computer programn as an instance Of anl) ability to cxecutC a variety of
computer programs" -which is in fact the software itself -- should be patentable.

PROMOTION OF APPLICATIONS

"I"11- iDnt-VHtItNI AN) I'R( )I' 1IliN of informatics technology is not a goal in
itself bun i tool to satisfv basic human needs through increasing the count-i's
vross national product. In SOIllL industrialiscd countries the inanufacturing and

export of hardware and software products contribute directly to the national
income. in other places thev contribute indirectly to the (NP by supporting the

.ountry's agricultulral an( industrial actiitis (Figure 4). Consequentlcnl not all
applications are equally important in all countries at a given ipoint in time. The
increasing demand in both dLevCloping and industrialiscd Counitries for a qualita-
tive improvement in the standard of living in general and for food production and

distribution, water resource management, primary health care and other goveri-
ment services are creating serious social problems. In order to he able to keep up
with these increasing demands sonic governments may consider food production.
or environment management or health care as of the highest priority.

Identification of priority applications: The developing countries usually place
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higher priorities on -'traditional" activities related to governmnent planning and
control operations. such as food production. water resource management. enecrg%
proiduct ion and dist ribhutin h ic priolri ties in industrialised couintries are rather
different. A govenmiit report in Canada suggests the deselopiment of aip-
propriate pay'ments ss stemns, and such communication interface standards which
safeguard the rights of individuals. users and] suppliers (of the payments ssslns.
The Japanese Giovernmnent. with the help of specialists, has identified other
priority applications such as pattern recognition, automobile traffic control. miedi-
Cal in forniat ion processing, cornmn ity sxide( anid inrte rnatioin al trade iii h rnia tion
processing.

Applications in small enterprises: L arge and nmultiniational eniterprises can afford
to purichase. and Canl eXtenlsixel use. iriformiatics tchnwology. The economlic

situation of smiall enterprises, however, does not alwka~s allow themn to benefit
from data processing technology. Sortie governnlertts, therefore. have initiated
projects to improve the position of smiall enterprises,. These projects usually
include the development of locally' made. standard hiariagemeint data processing
systems foir both production Control arid administ ration, special training for
mianagers aiid data processing advisors iii sriiall enterprises, direct financial
assistance for purchase of computers, termiinals arnd software products arid lirially.
the establishment of centres which miake inforniation services more readils
available to smiall enterprises.

Applications in central and local goiernment officies: D~atar processing tee hrolog%
has become ain indispenisable tool iii goserment otfice,, anid coiriseluert 'l\ there
has been a steady increase in both the niuiiber of persoirniel eriiploved and inl thle
expense incurred in data processing operations. It is requiredL therefore, toi initiate
surseys to (ibtain a better grasp oif lie state (if data proicessinig (iperat ioifs in
governmeiit, to encourage ofihe., Toi evaluate their present activities. toi proimtote
St tdies, to consider etlectiveness arid etlicienc\ iii operations arid to pre erit the
loss. damnage. di vulIgence a rid theft ot imipoirt ant dat a at g( iemn it Offices.

IMIPROVING; THE HUMAN ENVIRONMIENT

TFin f'R( visr ix) of qunal ifIi ed nnipower is at least as imripo rt anrt foir t he des clo pluent
(if domiestic infoririatics technology as the allocation (if finiancial resources. The
experiences of capital-surplus oil exporting countries show that purchasing arid]
instanllinig informnatics technology is often easier thaii assuring their operat ion arid
ma in tenanice because qualiftied niatioinalIs are just riot amai lablIe arid t heir educeat ioit
arid training is a rather timne-conisumng task.
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Testing informatics specialists: The education and training of specialists under-
taken by educational institutions and vocational training schools play a central
role in the advancement of inforniatics technology. The quality of preparation.
however, is often very mixed. Qualification tests are needed for operators.
programmers, systel engiineers and other data processing personnel to improve
their technical skill. In order to improve the skill of data processing specialists.
some governments allow those StUdVillg for the qualification tests to deduct their

training expenses from tax.

Computer-aided learning: The extensive use of computers in university research is
often the result of earls support given by governments to unixcrsitics for the
acquisition of data processing facilities and for the introduction of computer
science and other related cturses. ('onipiUter-aided learning (('AL) is an attenpl

to make better use of available facilities and, on nany occasions, is a joint effort
by universities and industry. 'ie educators dcxelop the course materials, tech-
nologists in industry contribute to hardware and software and the government
research agencies tinance the projects. Some initial results have been reported:
well over a thousand students have taken the ('AL cardiology course during its
seven years of operation at a Canadian universitv but. as the costs involved are
still rather high. it is unlikely that the use of CAL. will spread rapidly either in
developing or industrialized countrieA.

Promotion to the general public: The extensive use of inforniatics technology in all
sectors of the national economv luires, in addition to the imuprovenlent of
technical skill of specialists, a groxxing interes, and understanding by the general
public. too. With this in mind information weeks on informatics would be
organized: during this period special radio and television progianines would be
broadcast, well written articles published it, the newspapers and exhibitions held.

CONCLUSION

___ /
INVi. RMATI(N IS O)i-N (CONSIDEiDRt) ias tlie third basic resource, ill addition to matter

and energy. Although data processing is just a segment of the whole information-
related technology. its impact is growing both in industrializcd and de\eloping
countries. In countries which ma nufacture and export hardware and software
products. data processing contributes directlv to the nations' (NP. in other
countries it can indirectly support agricultural and industrial prodttclion. It is in
the interest of all governments to understand what informiatics technology, in
general. and data processing in particular, c'ail di for the countr\ and iti makc
well-conceived measures to promote its appropriate national developnlen
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SECH'ON 4

National Infrastructures for the Utilisation of Informatics:

Strategies for the Development of Institutional, Human

and Physical Resources

This sectionl is concernedi with the iTn1trtuctUral conditioIns n1ccCs-
saro. to) support the harnessing o)f informnatics for o~ptimum national

di eltniet IlniphsiS is. in particular. placedCL on policics in the

crucial area oil education and training and this aspect is e'samined
froim a number oif djtlereiit perspeetises and at a numbler of distinct

lec els. O ther iiprit infrast ructural aspects and issues: cinvered
include communtications, research and deielopment, anld inl-
stitutional arrangements to)r p)ro\ iling informaition oin inldustrial

rgantisati in40
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0 Basic Criteria for a National
~Infrastructure Specific to Developing

SCountries to Facilitate the Use of
Informatics

A. 3tufti
C'entre d*Etnde et Recherc/ws ScintiJqu.% Svria

GENERAL ASPECTS OF THE PROBLEM

li H)R.\ts.v () of societvx and i in tortiatics iii the service of industrial
development is now integrated into socio-econmic thinking. ha\ving as at goal the
imnprovement of human well-being by mearts of the mnan-mnaehine' ergonomic
system. This leads quite naturall '% to the acknowledgement oit the general useful-
necss and international significance of intorriiatjes. Therefore an appropriate polic\
and infrastructure should be implemented to secure for societv the socio-
ergonomic promotion that informatics deserves.

The preparation of at national infrastructure for informiatics is conditioned by
the individual circumstances of each country. i.e. the requirements. the goal, and
the available means, which in fact constitute the specific criteria of a national
infrastructure.

If these criteria are of a kind common to all countries. thev are considered to
he critical factors whose values specify the informiatic potential of each country.
Thus the industrialised countries, notably those with an indigenous informatics
industry, enjoy some overwhelming advantages in achieving a policy oif in-
formatisation of society resulting from the concurrence of all] the requisite means
to this end, of which the principal ones are-,

(1) The mastering of the informatics technology (hardware and software):
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(2) Trhe establishment of manufacturing capacity and the resulting employ-

maufetrngcaact ad h

(3) The creation of equipment for their own needs and conditions, for Iocai
application in the industrialised countries:

(4) Local availability of technical Support for maintenance, repair and assig-

tince in the application of informatic systems:
(5) Security and contintitv of functioning:
(6) Theoretical and practical training at all leels:
(7) The linguistic advantages.

This gioup of advantageous factors are conducive to the formulation and
implementation (if a sound and far reaching informatic infrastructure.

By contrast, the developing countries, only partially enjoying these ad-
,antages. are not well placed to keep up with informatic developments, and even
less so in the informatisation of their societies. Consequently, all informatic

policies. insuflicientlI infrastructured, would be vulnerahlc.
The institution of a national infrastructure, adapted to the conditions of

developing countries, would consist in the first place of the means to overcome
the obstacles and constraints inherent in the circumstances of these countries.

In this paper an attempt will be made to set out the constraints and the basic
criteria, specific to developing countries, with a view to elaborating an informatic
infrastructure. It is not the intention of this short account to draw up an exhaustive
list of the criteria, but rather to state precisely the most crucial factors of an
informatic infrastructure. The basic criteria, forming a set of complementary and
interdependent factors, are of a heterogeneous nature: socio-economic, technical,
practical and strategic.

THE CRITERIA FOR SOCIO-ECONOMIC ADAPTATION

A SMCiETY that has little or no experience of using the techniques of informatics
must profit from the experience of others so as to avoid their mistakes, the effects
of which could have very grave consequences for a society which has not attained
technical maturity.

A national infrastructure adapted to the requirements of a society must take
into consideration the socio-economic criteria set out below.

The Social Criteria

The principle social criteria are:
(I) The Ergonomic Aspect: the ergonomic system consisting of man and

machine, introducing a new methodology of work based on up-to-date
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techniques. can only be assimilated by a society little acquainted with the
use of this technique by dint of careful preparation by the most ap-
propriate means. There should he a scrupulously planned and propor-
tioned educational programme in terms of the normative circumstances of
each country and particularly those which define man in society.

(2) 1he Aspects of Training and Linguistics: a national plan for education in
informatics must be established by introducing informatics as a fun-
damental subject in primary, secondary and university studies. A plan of
education of' this scope can only he achieved in the developing countries
with the concurrence of national and international organisations, and by
setting up appropriate establishments.

It should be possible to use the language of the individual country
throughout all data processing. It is difficult to accept that. in a scheme of
informatisation of society. the language of the computer manufacturer
could he imposed.

The most rational solution for developing countries would be to
collaborate with the manufacturers at the initial stage of the production
of informa!ics equipment adapted to their own languages. This could
open the way to a large industry to produce linguistic interfaces.

(3) The Svsteois Approach to Organisations: against the numerous advantages
of informatisation there is one major draw-back resulting from the
systems approach to organisations. The flow and processing of in-
formation are restructured and the old structure normally disappears in
the process of informatisation. The functioning of informatic systems
depends on the technical team and on the informatic equipment. The
failure of either carries the risk of paralysis of the informatised environ-
ment, since it would be practically impossible to put the old structure
back into use. Hence the irreversibility of this phenomenon. For a
developing country, having regard to the fragility of its technical poten-
tial, this phenomenon renders it vulnerable if back-up measures are not
incorporated into the original systems design. Such measures, depending
on the socio-economic circumstances and the informatic potential of each
country, should be the object of in-depth study and constant revision
within the framework of the national infrastructure programme.

The Economic Criteria

On the economic plane several criteria specific to developing countries should
be considered, such as the following.

(I) The- concept of the "consumer society" as it is practised in the in-
dustrialised countries cannot be regarded as a factor of socio-economic
evolution in the developing countries because of economic, financial and
above all technical reasons: the degree of technical ability and rate of
evolution in these countries remains constantly out of phase with the rate
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of technical and industrial innovation. The introduction of an inforilat ic
ssstell to a more e olved system rarely runs smoothly and is onlk
achieved wit)- ditticulty in dc'eloping societies.

(2) Likewise the criterion of "'quality and reliability" of equipment is a basic
element for equally economic iasons, but above all for the .ccurit\ and
continuity of functioning: indeed thi last aspect has a preponderant
influence in decision making regarding the informatisation of societ\.

The Criteria of Technical Adaptation

[he concentration ot the infornatics industrv' in the industrialiscd coLntries

leads (luite naturally to the conception and production of ,StCnIs tdapted t 11e
needs and conditions of these countries, and it is ob\ ious that the requirements t

deveCloping countries are not catered for (or arc ignored) by the manufactnrCfr.
from which follov tile constraints of adapltation at all le els: hardware. s ,f i.%arc

and application.
I) At the Hardware le-cel: hardware appropriate to the needs of de\ eloping

countries must be capable of accepting the language of each countr\. hoth
at the level of programming as vell as at the level of input and output at
information.

The social and administrative structure. in most of these countries. is

characterised by a centralised decision-making system and decentralised
data. data capture being the most important function. Nforeo er. in most

cases, it is a question of data processing with characteristics such i,,:
introduction of data of little importance;

* execution of very di\ersitied and \ariable data processing. most
frequently of low volune:
data capture at scattered locations.
The problem exists of defining the informatic configuration adapted

to these characteristics, to optituise the triple factors: performance.
profitability and price.

(2) At the Software Level: in the developing countries it is the tertiar\ sector
which is the most important and the development of the active population

benefits this sector.
Appropriate software must cover all the needs of this sector, the

price of which should not include a subsid\ to that of the other two
sectors.

(3) At the Level of Application: it is at this level that the problem of

adaptation is the most critical: because the informatic hardware is desig-
ned only to function in an applications environment, climatic and in-
frastructural. determined by the circumstances of the producer countries.
It would not long maintain its efficiency when forced to work in appreci-
ably different conditions. This is a case frequently met with in developing
countries, for example:
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the safety margin of the manufacturers, as well as the so-called
normal values for temperature and humiditN show up serious dis,-
crepancies in relation to actual x alues:
the temperature and humidity gradients are clearly higher than those
of the rnanufacturers
the seasons are practically revecrsed according to the geographic
situation of the countries.

Appln(at11ml, OUI I lI Mi011

errors. and anonma lies appear Ili the dat a being coltIlected:
there is a It loss of in fo rmat io 0i sn Is
tests of the data canl le ineffecti~ e.
these are dueI either ito inalikijust menC~t of thie s\ sterns" (hardhi arc anld

soft%%are ) or to the ph\ sical circumstances, (if the infrastructural suppo rts
teeg.. the inttabilii, oif the electrical suppl. the poor qualitltanmsso
lines,). It should he aldded that solutions Ii the form of air-cont0ioners
.1rid electrical sltbilisers ha' ~c prot~cd ito he ci en more clunisi thanl Ohe
hard%-.are both atl the ititallittin in Ili pplicatiotn. (learl. this, stitle ot
airs a pprect ih li itlect s t he vrot it abi liti If iiiformaittics, and Ct tnseq ie nlt lx

11111st he tAen into Cttns11icrat iit asa pecitic criterion of an inforniatics,
Infrast ructorc

Thie Problem of MIaintenance

File etTeCttMII ti o the rntartlittm11Cris !uaratee1C karIeS accorili tto the
geographic siittion tof the user: those cltsest to the mnanufacte hai\In t ite nrea(ts

ad \ an1t age.
Ini the developiniig counltitries \%liere thle 11i a ti fct ure rs In li p~ r de at ic

represent at ion (atid this depenrtding onl thle ir pro ti t iari tin i~tl i a ticc reinatIts
utntsat isf act or' and constitutes at sen us hiattdicap11 to1 the use, anld Lie It ritie nt tI

itiforiaties. This probleni. which is at regional onre. cart onk li e solkcd ' it hin thle

fratiiework of a inuIt in ation a Iotr regi onalI iiifrast rue tulre- ante %%oud cI et Inns i Of
establishing a regional centre with comiton interests. fli1\trig stturrd ruatriterrarreCC
ats its objective. This wNould hit% e the support (If: at trittittg schol tl 1 1rtIMiCKttrs ill11

branches of mnaititenance anid a logistic iect%%Irk for catrriuitgnt ea ' i: )1IiNL

supplies atnd spare-parts. J his cetitre coutld he estahilished thiuiue thle co -o peratiotll

of specialised orgatnisations (1131. U.NIDO, ) FIA. etc.)t atnd the etollaibttal It'lltlt the
mntufacturers.
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CONCLUSION

1W INI-RASIRt'(1lTR\I preparation for the informatisation of a developing ,ociet.
being the pillar of the establishment and development of informatic". must bc
considered from the point of view of apprenticeship and of ergonomic and
socio-econonlic adaptations with a view to providing the technical potential
necessar\ to master the inftormatics in order to facilitate its use .ith confidence iii
all areas of application.



National Strategies for the Development
of a Telecommunications Infrastructure

in Ireland

MCC T.J. Brnies
Irish -Fteh'(-t l iiC~iilition s Board. Dub~lin

'VI. • K. o~

REMOVING THE TIME/SPACE CONSTRAINT

\l \kI ') ti \( ir'. I I ol )his social structure in response to several needs: the need to
cjt. to surN iN e in a hostile environment and to continue as a species.

Ihose nceds and others less urgent have been met by the formation of social
,roups._.\ thesc social groups required some means of communication, sounds or
'ibols came to be used which transmit a thought in the mind in a way that was
understood by another mind or minds.

In simple agrarian, pastoral or hunting societies these communication
methods were simple and related to very fundamental needs and were specific to
relatively small groups-families, tribes, etc.

As mankind's numbers increased and he mastered his environment, he began
to produce goods and services beyond those necessary to meet his basic need for
survival. Trade relationships developed and with them the demand for more
extensive physical and verbal/pictorial communications links.

Until the development of the moving press within the last 500 years the
extent of communications was severely limited to the capacity for manual
reproduction of these symbols, words or pictures and the physical movement of
them by the limited means of transport (foot, horse, sea) available.

The development of the moveable press and its refinement after 1445
dramatically increased the availability of a media for communication and
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significanitly reduced its cost. [he first real prospect for world-wide literacx
became evidnlt.

The dlist ribUtionl of the niex printed wkorks was st ill severel% limited inl time
anld space bN its dependence on the physical movemilent of man or beast or
vehicles which depenlded onl their strength for land transport and] the power oif the
wind for nmement bx sea.

If we look at tile 11ap1 of thle %%or]l we will tind the large cities hax c primiariy
developed inl places where phy~sical distribUtionl or exchange~ took place inl
cotnjunction with transport h.\ x\ater. It was faster than all\ other method
depenldent onl the powecr of mien or beasts. I will mention onlx a texx

iii Furope: London, Paris. H ambu rg. Lisbon, Biarceloma:

inl tile .\mericas: Nexx N rik Buenois A\ires. Rio Ic )Lmiciro
inl Asia: Bomblay and I ok~ o:
inl Ireland: D)ublin. C ork. liclf;ist.
Water power was also nsel iii the carlx mechanisation oif manual mecthodls

and sonmc early "indust rial" cell irs dcx eloped along the banks of ptnwcrful .%xater
courses. Wind was also used as\ an1 ansiliar\ source especialb, ti ui)I1ip1 the uIsful
water to where it was needed.

The development ot thie steam eng~ine arounld 1700( andL its evoluitionl to the
petrol powered internal coriUbstI1111cieginle around 1885 provided a dramatic
alteration inl the time anld space constraint on human dec lopmient.

It wvas ilmx possible to dcx clop arecas aw&ay froml water courses and indeed it
becamec nccessarx to do so because the enricr o Surces requlired for the ncxx,

mo\ wrs weeseldom to be f 'und near the existing cities andll n eca e
this inl Cities suLch as Iiiriiiihii and H-annoxer which are close to large coal
produlCile areCas.

The accelerated des ehipminit 4f mmaifs phvsic al capa bi lit v to(mi iic amwh crc
iil in ever decreasin g t in le ook ;t qilun leap at the beginning of this cenitur\
wNhen at last in the earls yeas of' tllis cenimr he left the earth and took to the ail.

Simultaneously with this breakthrough inl physical 11105 nleilt we hlad tile
dcx elopment of electrical -conlmlicihiol devices' First ill code xx ith the morse
telegraph, and thlen in tile spoken mid xx riten \%ord] with tile telephone a)nd
telegraml iil the second hlf of thec kist ceniturs. (')l niltllicat inei tulle became
Ilearlv instantaneous and thle .pacc constraint was substanltially redIuced.

The contiinued dcx elopmcnt ill t his centurN oif systems. c ices and mlet hods
oif conmnunicationl b\ electrical enerin reached its Ui tinlate xx ith the capture of
impuilses onl recordin'g media - -impulses w.-hicl stored. t ranismitted anid reproduced
symbols, voices. iniages. first onl discs and then on filmi aind tape. Thie iled to havec
those C01irllnlurlieatiilg linked inl time is gone: the need to have those commilunlicat-
itng linked inl Space is goneC: and( With the uise of -satellites for the distribution
world-wide (if conilcation. tile solar cycle (if day and night is no longer
relevant as information call be simultanecously broadcasted and stored world-wide.
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RESPONSE OF MANKIND TO CHANGE

rIIF RI-SPONSI 01 MANKIND to change has always been slow. When the eolution of
mlan's communication system was measured in generations this slow respons o time
was acceptable. However in this centurN the speed of adaptation of man's social
systems to change is inadequate and he has continued to act as if most of this
change ha,, never taken place.

Thus the traditional growth of already overcro(kdcd large urban centres. most
Often based on those which developed because of their proximity to water, has
continued. Across the world, people born in rural areas continue to graitate to
these centres in search of employment in industry, commerce or seraices. As the
move from simple industry to complex industr takes place. there de\ clops a need
for complex commercial and service support which follows the industrial
development. Government naturally grows on top of this base.

This development is particularly noticeable here in Ireland. with the former
colonial capital Dublin still having a disproportionate amount of the population
and services as well as Government workers.

It is not my purpose to comment on the human and social problems of large
urban complexes. Suffice to say that they are quite obvious to any observ'er and in
my opinion a development to be stopped, reversed and avoided whenevcr
possible.

Common sense and considerable empirical evidence tell us that people are
less frustrated, more helpful to each other and generally happier in smaller
eNmmunities.
-- -The purpose of this conference is to allow the developing countries to
consider how the new information and communication technology can help them
to develop both human and physical resources,

I am convinced that the information/communication revolution which is
building on a foundation of sand-in the form of a silicon chip--will not collapse
but offers real potential for increasing the quality of life for all the world's people.

n-The development of inexpensive, energy efficient information and com-
munication systems offers the one hope to avoid the inhuman social conditions
which exist in the large urban areas throughout the developed world, If you begin
now to plan for the development of your countries on the basis of the fact thai
this technology combined with the development of air transport has removed the
Space/Time Barrier to physical and human communication you can. I am con-
vinced. look forward to a bright and humane future.
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DEVELOPMENTS IN IRELAND

As AN ISIAND located on the western fringe of the European Continent. away from
the major sea trading routes and centres, and not permitted to develop a strong
sea presence under a national flag, this country remained primarily pastoral until
the end of the 1950)'s. The surplus population moved to the industrial. commercial
and administrative centres of the English speaking world in search of employ-
ment. For all those previous generations of Irishmen and women this was a sad
fact of life. But for the present generation the fact that this country did not
partake in the industrial revolution is a distinct advantage.

We are not burdened with the need to adapt old industry to new develop-
ments. We are not burdened with an infrastructure based on the traditional
physical communication method for thoughts and goods and services. We have
the potential to rapidly adopt the new technology in the development of our
nation and of our nation's place in world trade.

As a result of a government decision at the end of the 1960"s there is a
positive policy to site industry away from the metropoltan area of Dublin. There
has been a move of government departments to other parts of the country and
this policy is being continued.

In 1972 the Government. in a preview of regional policy, announced as the
basis of its planning for the next 210 years, the following strategy, and I quote:

"'In the government's view an overall regional strategy should not mcrel
seek the attainment of required national growth rates but should also provide

S for the maximum spread of development, through all regions. ving an
' increase( and wider range of economic and social opportunities and so

minimising population dislocation through internal migration."
Accordingly. the strategy which the Government envisages should be ptrsued
over the next 2) years or so, is as follows:

(1) Dublin development to he such as to accommodate the natural increase
of its existing population.

(2) expansion in and around Cork ('ity. the I iimerick/Shannon/Enmis area.
and Waterford. Galway. Dundalk. Drogheda. Sligo and Athlone.

(3) development of counties or large towns of strategic importance in each
region. including the relatively large expansion of towns in) areas remote
from existing major towns.

_ " . l. (4) continuation of special measures for the development of the (faclta"n "
This policy of decentralisation of industry which has been entrusted to the

Industrial Development Authority (IDA) for implementation has been made
possible by the concentration of this body on industry which has a good future. It
is indeed fortunate4l.-that one of these industries-the electronics indus rx -i,

* t)csignlaled region',. inll n tv n the western wst'aboard. %here |rith. liatht 1hij I hL' 1 i,11 I iw
ti'rt~linitl t;ii iltc
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the primary contributor to, and benefactor from, the infornatii/communication
rcvolution. Thus wYe hav~e-4. Ireland not only'ihe opportunity to develop 1 ..,
industrial base in a decentralised way but also to benefit from the world-wide
explosion in demand for the products produced by these companies,

In the 9 years from 1972 to the present, employment in this industry has
doubled and output measured in current prices has grown from £38n i £.tof)m
(Punts). to a point where Ireland now supplies I(1 per cent of Lurope's otfice
equipment products and 2 per cent of total demand for electronic products.

In the last two years the present government has taken steps to Improve the
infrastructure which is fundamental to the success of this programme. It has
decided to invest £8X) million in the telecommunications system in order to bring
it up to the standard achieved in the EEC by 1984. It has taken the decision to
base this development on digital switching and transmission which will permit the
integration of voice, data. text and pictures for transmission through the system. It
has decided to build a satellite earth station in the south of the country.

It has in recent months taken a decision to develop regional airports. 'his is
important because many of the goods we produce have a high value added or light
weight and suffer from the rough handling experienced bv surface transport.
Given our physical location on the edge of our market, we need to develop the air
transport of the products of our new industry to the maximum extent. We are. of
course, still a large exporter of beef and beer and minerals and therefore the
commitment in the investment plan to invest in roads is also most important. I
believe these decisions will begin to bear fruit in the latter years of this decade
and if the policy of decentralisation is maintained there is a real prospect that the
growth of Dublin will be halted, perhaps even reversed by the end of the century.

I believe that the developments taking place here in Ireland are far reaching
in their consequence for the social development of this country. I think that those
responsible for planning or administering the development of other countries can
learn from Ireland. If you study what we have been doing and what we are
planning to do you may find similar problems and a hint of some solutions.
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0 Notes on Computer Education and

Training in Developing Countries

FIbrahim S. El AMiligi
Universitv of Gar'ounis, Lihbya

IMPORTANCE OF THE HUMAN ELEMENT

THF PERFORMAN( of any system depends mainly ol two NCts of factors. The tirt
set is the initial inception and design. If the system is not properly conceived and
designed it will lack the necessary efficiency, reliability and coherence. ('on-
sequentlv the different parts of the system will not function propcrl, and ulti-
mately it will not achieve the goals for which it is commissioned.

The second set of factors includes th, environment in which the "\Sten i,
operating whether that environment is organisational procedures or people inter-
acting with the system in one form or another. However, among all the factor,
affecting the performance of a system the human element remains the least
controllable. A necessary way of securing a proper interaction between the human
element and the system is to ensure that proper education and training is given to
all personnel interacting with or affected by the system. Failure to provide the
necessary education and training will usually render the human element the weak
link in the system.

The realisation that the human element could be the weak link led io the
recognition of the education and training of computer personnel as a key factor in
the success of computer applications.

In data processing systems we can at least identify three areas where people
can directly affect the system. The first area is the area of the professional
computer personnel, i.e. systems analysts. programmers. operators, etc. The effect
of computer professionals on the system may, of course, differ from one category
of personnel to another, i.e., a programmer may have a different effect fron an
operator. The second area is the area of the users of the system outputs. The end
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result of any computer-based system will ultimately be represented in a report of
some form for the use of the person responsible for the application or for the use
of the person who monitors the performance of the system itself. The needs of
these users affect the system in its initial design brief and subsequent
modifications. The third area is the area of input to the system. It is almost
traditional to think of computer-based systems as being operated by data pre-
paration staff, systems analysts, programmers, etc. The starting point of systems
organised in that way is technically the input from the data preparation room.
What happens before that is usually catered for by standard procedures or forms
specified at the design stage. The interface between the computer-based system
with its technical starting point of the data processing room and its input source
may be a control clerk(s). Yet the predata preparation stage is a critical stage
where difficulties couid easily arise in developing countries given the substantial
'leap' from manual systems to computer-based systems.

The definition of areas where the human element affects the system is very
important and has a direct bearing on the type of education and training necessary
for each category of personnel. But before going into more detailed analysis the
requirements of developing countries should be clearly stated.

It should be emphasized that developed countries have, through their
economic, social and technical development, developed a suitable environment
and trained personnel. Coping with new computer systems has not been difficult
and benefits can be efficiently realised. In developing countries, however, the
situation is different. Developing countries may import the most sophisticated
non-human parts of computer systems from developed countries, but they cannot
provide sophisticated human links in terms of local professional expertise. In
certain cases they can acquire the services of expatriates to design and implement
the systems, but subsequent running of the systems and use of information must
be done by local personnel. The provision of well trained local people is both
expensie and time consuming. Yet developing countries have no other alter-
native but to develop their own professional expertise if the introduction of
computers is not to be slowed down or their capacities wasted.

Effective results in the field of computer personnel training and education.
however, can only be achieved through the drawing up of adequate and realistic
national policies. It is not enough to 'encourage' computer courses or even
subsidise them. There must be a genuine government commitment to the pro-
vision of computer professionals and the training and education of people to use
and cope with computers.

EDUCATION AND TRAINING

AIrEMFrs TO ENCOURAGE developing countries to initiate national plans for the
education and training of computer personnel are numerous. Analysis of some of
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the literature (United Nations. 1973: Pipe and Veenhuis, 1975) on computer
education and training reveals that there are two areas of confusion. There is a
confusion between education and training. The two terms are sometimes used
synonymously although basically they are different and indicate two different types
of learning.

Education. as defined by the Oxford Dictionary, is the 'development of a
p rson's character or mental powers'. Training is defined as bringing a person to a
.desired state or standard of efficiency, etc. by instruction and practice'. The first
impression one gets from the two definitions is that education is a more general
process that aims at developing a person's mental powers to cope with unknown
situations. Training on the other hand has a specific aim-to bring a person to a
'desired' state or 'standard' of efficiency. The desired standard of efficiency relates
to how well a person carries out the specific job for which he is trained.

Training is usually required for persons whose tasks are well defined and do
not vary in nature or content in the short run. Data preparation staff, program-
mers and computer operators, for example. do not require a high level of
education but a varying degree of intensive training, whilst systems analysts and
computer managers require a high level of education, supported perhaps with
training in the use of certain techniques.

Training is easily catered for by manufacturers, institutions or various train-
ing agencies. What makes training easy to cater for is that it is specific and with a
defined time span. Education on the other hand is rather difficult to cater for. It is
not specific and has a longer time span. Moreover. before any person is educated
in any discipline or science that discipline should be well defined.

DEFINITION OF COMPUTER SCIENCE

TitE tivot-triON of new sciences has always been faced with problems of definition.

especially boundary definitions, and computer science is no exception. Even now
it is very difficult to find a definition of computer science that draws the
unanimous consent of all computer scientists. In fact this is the second area of
confusion.

The main reason why computer science is not yet well defined is that people
associated with the early development of computer,; have come from other
disciplines and :is such they hold different points of view.

Recent discussions on education and training have even dropped the term
'computer science' and used the term 'informatics'. Yet even 'informatics' mas
not be the final term. The consequence of this confusion, or to be more precise,
lack of proper and defined terminology, makes most of the discussion very general
and theoretical. The problem of education and training has been approached in
the context of the general problem of informatics (Hebenstreit, 1975) and thus
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practical details of how to solve the problem of education are not aailable.
This lack of definition of computer science or informatics makes it ver,

difficult for education to be catered for by the same organisations that cater for
training. Therefore. governments of developing countries must take increasing
responsibility for providing the necessary education and training at all levels and
should not leave it to non-governmental agencies.

NATIONAL PLANS

As wE HAVE MENTIONED earlier it is not possible to adequately provide for
education and training unless there is a definite national plan stating the
requirements in terms of quantity of personnel and quality of education and
training, and specifying the institutions that should cater for both education and
training. National plans. however, need very determined efforts since they tend to
be rather elusive and hard to achieve (Miligi, 197)).

One of the major efforts to encourage developing countries to draw up
national plans for computer technology application is the United Nations second
report of the Secretary-General (United Nations. op. cit.). The report outlined
several recommendations for the enhancement of computer education and train-
ing. These recommendations, when subjected to a critical analysis, also revealed a
certain lack of distinction between education and training as defined earlier. Such
lack of distinction may perpetuate in whatever policies are based on the recom-
niendations and the result will not be as desirable as the recommendations are
aiming at.

The LIN report also neglects the training and support of a very important
category of professionals. Training of Organisations and Methods (0 & M)
experts is extremely important in developing countries since most of the prospec-
tive computer application areas lack formality, order, and clear definition of jobs
and responsibilities (Miligi, 1978).

AIMS OF COMPUTER EDUCATION AND TRAINING POLICIES

TIIIt \IMS O( .\NY (OMP'ITI-RI education and training policy may be summari,,ed
briefiy as follows:

("a) To produce computer professionals at all levels to man existing and
future computer centres.

(b) To conduct concurrent courses of computer appreciation and orientation
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for those who will subsequently use computers, e.g., decision makers,
planners, middle management, etc., and to undertake the training of
para-computer personnel (0. & M. experts).

(c) To conduct mass appreciation courses to create, in the general public, an
awareness of computers, their power and shortcomings.

(d) To maintain a high standard in the profession. Computer professionals
must be kept up-to-date with recent developments in the computer field.
This involves a continuous transfer of computer technology from
developed countries to developing countries. It would be highly undesir-
able and indeed impractical if such a transfer is not monitored and
evaluated to see its relevance to the country involved so that only the
useful parts are adopted. This monitoring and evaluation of development
in the computer field can only be done by a research unit. Such a research
unit can also help in initiating research in areas where problems are
encountered and as such triggers-an autonomous local research activity.

The type of education and training to be given to each category may differ. Even
within one category training or education may differ in content, duration and
intensity. Application professionals, for example, may receive a varying degree of
training. It is here that the distinction between education and training helps in
moulding the type of training and/or education to be given to each category or
sub-category. Data preparation staff, computer operators, and programmers do not
need a high level of education. Instead an intensive training course over i detined
period of time is sufficient. Systems analysts and computer managers on the other
hand require a high degree of education in addition to a certain degree of training.
Computer scientists working in research units clearly need a high degree of education
and also a high level of training so that they are producing realistic and relevant
solutions and results.

,(omputer users need training in understanding the computer and how to
utilise it while being aware of its shortcomings and limitations.

The training of the public is clearly not practical. What is needed here is a
mass education programme. However, computer education in schools. especiall\
secondary, technical and commercial, should be given priority. Use of the mass
media, pamphlets, magazines and newspapers could be helpful in disseminating
computer knowledge.

It is imperative that developing countries should reali/e that training by
suppliers and other agencies is clearly limited and caters only for a small fraction
of the overall needs of a country for computer education and training, and that.
unless the problem is taken in its totality, computer introduction in these
countries will greatly suffer,
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* 0 Education and Training in Informatics
0 in Africa

g R.J.P. Scott

University of Nairobi. Kenya

INTRODUCTION

Reports on Computer Technology for Development: For the past decade inter-
national bodies have discussed ways in which computers will affect development.
Particular emphasis has been given to the application of computer technology to
development. The first report published by the United Nations in 1971 is an
important document which is still relevant today in discussions of the subject.

Since its publication a second report has been prepared by the United
Nations (1973) in which 30 recommendations were made. In 1971 and l974 two
conferences in Jerusalem on Information Technology took place with two large
volumes of papers published. In 1978 the SPIN conference was held in Spain.
(Inter-Governmental Conference on Strategies and Policies for Informatics). This
conference made 4t0 recommendations (UNESCO-IBI. 1978). In all these con-
ferences the recommendations endorse the enhancement of social and economic
development with the effective utilization of computer applications. Nearly a
decade has passed since the first UN report was prepared: in the countries of Africa.
computer development has either been stagnant or haphazard and certainly not
planned according to the numerous recommendations put forward at the \arious
conferences on Information Technology.

Current Applications: To date most applications of computers in this region are
for the routine clerical tasks and employ standard data processing procedures
using large data files. In some instances these procedures are totally magnetic tape
based and still involve the use of punch cards as the primary input medium. At
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the first Computer Managers Conference in Arusha in 1979 (EAMI. 1979) the
ranking of the top ten applications processed at the installations represented were
found to he applications of standard accounting functions. It should be
emphasised that most government computer centres in the region process a
considerable number of activities using a computer which in relation to the
development of the nations concerned must be regarded as advanced uses of data
processing when compared with their counterparts in the developed countries at
the same relative stage of development. As stated in Scott (1971) "There is one
question which occurs to most people and this is: why use computers when there
is such unemployment in emerging countries? Most government departments and
commercial organisations are relatively new in structure and can use a computer
at an early stage in their growth. The organisations will have the advantages of
up-to-date reports and files on which decisions for future development can be
made, yet at the same time avoid the 'clerical mess' that will require a computer
solution at sonic later stagce.

James Clayson (1980) argues that one of the main reasons why methods of op-
erations research arc not used extensivetv is because there is no facility for local
training in such techniques. He cites examples where such techniques have been
successfully implemented by direct importation from outside but warns of possible
antagonism if not supported by all the workers directly or indirectly involved. The
same can apply to data processing techniques.

Two regional meetings have been held: the first Computer Managers Con-
ference in Arusha in September 1979 and the UNESCO sponsored meeting of
Computer Centre )irectors in Africa in Arusha in April 1980t (UNESCO. 1980).
To date one book has been published on the use of computers in Africa (Taylor
and Obudho. 1977).

Levels of Computer Activity: Julian Bogod (1979) proposed that the different
levels of computer activities in a country can be classified as initial, basic.
operational. and advanced.

From the above it appears that Kenya is at the Basic level or moving towards
the Operational level. There are now approximately 1(1 computer mainframes in
Kenya in a population of 16 million persons. One major problem is still staff
recruitment: for example the Institute of Computer Science of the University of
Nairobi has had 3 vacant posts of Senior Computer Programmer and Senior
Systems Analyst for (1 months.

Formulation of National Education and Training Policies: In order to be able to
quantify data on the existing application of computers in a country an important
research project must be established. Such a project is outlined in the last section
but must include manpower projections. It is surprising to note that even today
many senior goernment officials are not aware of the extent of computerisation
in Kenya.

The following section will outline some of the background issues related to
computer education and training in the region. The second section will categorise
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the main courses now required for new entrants to the profession. The third
section will deal with advanced workshops and the education of management and
users. It is my contention that all of these issues must be dealt with on a national
basis without further delay.

BACKGROUND ISSUES RELATED TO EDUCATION AND TRAINING

Subject Nomenclature: The use of the terms computer science, informatics,
information processing are discussed iii some detail (IBI. 1976). At the University
of Lagos there is a Department of Computer Sciences. At the University of
Nairobi an Institute of Computer Science teaches and researches computer
science and data processing subjects. while a diploma in computer science ha,
started this year.
Estimates of training needs: Much has been written on the needs for national
training plans for informatics (United Nations. 1973: IBI, 1976, 1978) but little can
be done without quantitative data on existing computer installations. It should be
possible to maintain and update a directory of computer installations and related
staff requirements for the whole country. From this data educational and training
projections can be made. Such data was scheduled for publication in Kenya (April
1981) from a research project funded by IDRC in Canada.
Practical Oriented Training Requirement: At present the type of education and
training required as a priority should be practical rather than academically
oriented. The installation of many smaller mainframes in the 19t)'s leads to a
different requirement for training which will involve an installation staff running a
computer custom-programmed by the vendors.
Centres for Education and Training: If education and training are to be success-
fully provided proper equipment (hardware and software) must be available as
well as a proper training environment. With so many packaged courses available
each institution must be equipped with overhead projectors. slide projectors. slide
making equipment, video player, etc. Such equipment has recently been donated
to the Institute of Computer Science by DAAD.
Retention of Training Staff: Considerable difficulty is experienced in the retention
of data processing staff by the public sector. In particular a university similar
teaching institution faces a severe problem in retaining local staff after a con-
siderable investment of time and money in training. The only realistic solution is
to provide for public employees in this field to be paid a professional supplement
to equate their remuneration with that obtained in the private sector, or to
actively encourage consultancy work to be undertaken. Whilst local stall
development is being undertaken international aid agencies will be still required
o assist in the finding of skilled expatriate stall.

Aptitude Testing: Most computer vendors and private computer training firms still
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providle for a fee the ritual of the aptitude test as the key to entrN to co mputer
careers. %lost Of such tests are inmported fromn the I SA and [ur1ope and little
W( trk on their current re le~ ince in the regitn haIis been undertaken.
Priva~te Comte tr Ira mit S 'li o's: ( )ni o f the t bse r'.at it ns mnade nI A rush a
(British Computer Soeict\. 198~0) wvas concern at the exploitation oit the gencral
public h\ sonic piri'. ate coiplittr training comnpanies. Cotnt rol of their act i\ ities bh\
national vo'. rnnlcnts asimplored to prc'.cuit uninformed nicnbrs of the public
fromt being -ii.cen unsuitable training, which nm' not bec acceptable h\ potential
cnplttxers. I 'ntil ,tilrati'. souirces of trainineg are a'.ailabie on a sulifcient scale
this rna% %%ell beic toun ter-product i%.

I~xoopiut~iand A'.sts.,iint: Examiinations and as,,sssment of existinLe data
processingc specialists, becomes a majoir prob Ie ii w ie i i newo ft wial I tirscN a i-e
inti-rduced for newv entrants from formial schoolin. Ftr the orderl\ izroth of' the
professioti sonie waxs of assessmntt for experience should be deI ised. It miay be
a ppropri ate ftor aI computer st ci ety o. r asstociatin to es il'. tot beetomie a prt f es-
sional societ'. withl a ftU.i-tinle secretariat to undertake this role. Experiece tto
date t hrougihtiut the wvorld has not beenr without consideraleI difficult ies.
Ptti A tt ill .sotti ott f' U n iuert'r' ot.Ieartiu sIs ta' r In stiitulim ,is A
nmtost fruit fl e xch ange of ideas anid deve I c ii t sCal ic beinai nt ainted withI the
e stabli shmcini of a pani A fric an associ atio loif I. n i'ersi t D e partilents 'Institutes
ttr Insftitions in'. tiled with information processinig traning. It is tile kinld Of
asstoc iationm that UN F (N) shlt n ib able toi su ppoirt and enable ani aiinual
mieeting to take plaee. Regional conferences atid seminars could bec arranged fromt
this tf ruin aiid exchanges, of experienices and material iinitiated. A recoin-
inendatioti to t his ellect wxas mnade at the UINESCO-sponsored mneeting of
C oiiputer Centre D~irecttirs in Africa hield in Arusha, April I19M) (U NESCO. I1980).
Coo~ rdina ft i of raining anit Educatin ton a Reionali~ Basis: The in teriiat ion al
aid agencies should bie requested to providle scholarships tti local personniel from
lie regioti to atteiid existing or proposed courses at Inistit utionis in the region. The

dupl1-IiCation tif resources should be discouragecd at all costs.

EDUCATION AND TRAINING FOR NEW ENTRANTS TO THE
PROFESSION

Postgraduazte: The main develtoptmetits that have taken place arc at the post-
gzraduate level. The postgraduate diploia course in comiputer sciences at the
University of Lagos is sptitsored by the Utiv.ersity of L-agos. UNESCO. and
OAU/STRC. The Utniversity of Nairobi comnietced a postgraduate diploma in
Coniputer Science in 198 at the Institute oif Computer Science. initially for I1
students, where the British Government has provided an 10- 2950 comiputer
system with a termitnal network under its capital aid programnie tt Kenya. The
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course comprises the following subjects: Foundations of Computer S\ste.nls.
Information Processing. Programming Methodology. Software S stens. Principle,
of Accounting and Management. Busines, Systcm s Analysis and Design. Asscrn-

bler Language Programming. Computer Technolo\. ()pcrathng. S\ stevl.
Scientific and Engineering Computing. Computer Management. latabase
Management, Advanced Programming. Simulation. Computational Statistics.

Mathem tical Programming. Computer ANsisted Engineering )esign: and a
computer s\st is project Both of the abohme course,, ha,,e conlpUlsor\ and

optional subjects. The Lagos course seems nl( re scientifically oriented "hilt the

Nairobi course is more busines,,s data processing oriented.
On.drn'rrti dua': \t a considerable numhr of tUniersities undergraduates fro m
the Faculties of Engineering. Science. and Commerce receive ser\ice courses in
the foundations of computing and it least one programming language. At the

University of Nairobi a modular structure to these courses is bieing e\ol\cd. A
considerable number of course s\llabuses for (omputer Science curricula ha e
been published ('ACM. [ -n": The CoMputcr Journal. IX. 4). Work should bc
undertaken to ewol e more currse s in information processing subjiccts ill the
undergraduate level e entuallv leading to joint degrees. All undergraduates
should receive at least one course in information processing. The illost suit able
position of the unit in a universit\ max be in dependetnt from existing faculties to
demonstrate the multi-disciplinarv nature of the subject (Scott. 1)71).
Post A-Level (Higher) Scltool (o lrse: A considerable number of students from
the region have attended courses equivalent to the Scottish Higher National
Diploma in Computer Data Processing at Aberdeen College of Commerce. The
need for this level of course was mentioned in the observations in Arusha in I'Y~)
(EAMI. op. cit.). The most suitable venue for this course maN be at a national
technical college or university. The Kenya Polytechnic in Nairobi has just taken
delivery of 14 PET microcomputers and expects to start courses using this
equipment shortly.
Post O-Lerel (Form 4) School Course: At least one such course was mounted in
Zambia at the Zambia Institute of Technology in Kitwe as a 2-year Programming
Certificate course. A good syllabus already exists in the Scottish National
Certificate in Computer Operations. The need for this level of course \\ia,
mentioned in the observations in Arusha in 1979. In Kenya a schools computer
project has been started at Starehe Boys Centre with support from local computer
installations and vendors on an experimental basis. It is currently planned to
introduce an experimental A-Level course at the same institution.
School (ourses: Attention should be drawn to the work already undertaken
(British Computer Society. 198!0) to keep so called 'Computer Studies' courses up
to date. A text published in Nairobi in 1971 was aimed at the schools population
(Scott, 1971).
Systems Analysis & Design Training: The East and Southern African Manage-
ment Institute in Arusha has been running an Information Systems Course for
several years. A well documented and updated course with an examination
scheme has been available for many years from the National Computing Centre in
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the U.K. There is a demand for more of these courses to be given in the region at
least once a year.
Data Entry and Data Control Personnel Training: Two areas where key personnel
are involved is in data entry and data control. In most instances these personnel
have only attended a skills course on data preparation. It is time that all new
entrants to these positions are given formal training on the principles of in-
formation processing.
Vendors Courses: The current practice is for the majority of new entrants to the
profession only to be able to attend the courses run by the computer vendors
usually at a regional centre rather than on a national basis. These courses are
usually well designed but have the obvious disadvantages of being product
orientated.

COURSES FOR EXISTING PERSONNEL AND EDUCATION
OF MANAGEMENT AND USERS

Advanced Workshops: A framework for advanced courses on data processing
subjects on a national basis should be established. A consultative committee
would devise an annual programme of short fulltime courses and 'workshops" of
an advanced nature for computer professionals and information processing speci-
alists in the country.

Such a consultative committee is expected to be drawn from the University.
government, private industry, vendors, international aid agencies, and the local
computer association. In Kenya it is proposed that each academic member of staff
of the Institute of Computer Science would give at least one such course in his/her
specialization in each annual programme of courses. At least three professionals
from outside Kenya would be invited each year. Courses that are expected to be
mounted in 198(0/81 include: Structured Programming, Microprocessors, Operat-
ing Systems, Financial Modelling. Distributed Processing, Statistical Com-
putations and Databases.
Video Recorded Teaching Packages: There are now available some courses that
are documented and video recorded to enable students to follow the material at
their own pace. The National Computing Centre in the UK ha- such courses
available which should be reviewed.
Part-time Extra Mural Courses: Where a public establishment exists a series of
part-time, (evening) courses on an extra mural basis are usually well attended and
provide an important input into the computer education of users.
(iovernment Institutes of Administration: It is most likely that national govern-
rnents have a training centre for public administrators. It is most important that
courses for senior administrative personnel be provided at all levels in order
to obtain maximum use of government computer centres.
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ESTABLISHMENT OF COMPUTER RELATED RESEARCH
PROJECTS AND PRIORITY COMPUTER APPLICATIONS FOR

DEVELOPMENT

Bt-iow ARF ENtMIERATED a number of important research projects and priority
computer applications for development, most of which will be funded on a
national basis and run. either at a national teaching or research institution, or at
the appropriate government department.

Computer Related Research Projects

Computer Utilisation Study: An important project already mentioned which
should be undertaken on an on-going basis is on computers and development
policy in each country. Such a project should maintain an inventory of computer
installations, manpower, utilisation statistics and applications processed. A direc-
tory of computer utilisation can be published to increase general awareness of
computer utilisation and to facilitate an exchange of experience within the
country. The information should be updated on an annual basis.
Tcleoitntniu .ications for Data Transmission: Most telecommunications facilities
are in the monopoly hands of a semi-state post and telecommunications cor-
poration. Most of them in the region only provide data transmission using
dedicated lines with their own supplied modems. It should be possible to develop
the use of dial-up facilities for data transmission on one institution's telephone
network in conjunction with the telecommunications corporation.
Microprocessor-Based Products: The exploitation of the microprocessor in product
development is now taking off worldwide. National universities research
projects should be established by departments of Electrical Engineering. Physics.
and Computer Science. In this way prototype products designed for local con-
ditions can be investigated.
Microprocessors: With the availability of word processors to streamline clerical
work, their introduction needs to be studied with regard to the socio-economic
effects on traditional urban employment opportunities.
Library automation: Considerable difficulties exist in the maintenance of manual
library records in nearly all national university libraries. Considerable progress in
the automation of libraries has been undertaken in Europe and America. It
should be possible to undertake a general project to find a feasible solution to this
problem. Once the national university library is automated all accessions within a
country are the next priority.
Application of Portable Microcomputer Systems: The uses of the new, relatively
cheap, portable microcomputer in the fields of computer assisted instruction.
medical diagnosis and farm management for the rural population needs in-
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vestigation as these are applications that can benefit different aspects of
development.

Priority Computer Applications for Development

Some of the scientific applications of computers are often linked to research
projects from other disciplines. These projects are often undertaken at one of the
university computer installations because only at such sites are any suitably
qualified technical applications staff available to give proper advice and guidance.

It is apparent that considerable research that could use computers in this way
is not being undertaken due to the shortage of technical manpower. An urgent
need is to establish or strengthen full-time technical and scientific systems analysts
and programmers at university and central government computer installations.

An example of the projects currently identified at the University of Nairobi
are:

(a) access to and analysis of Landsat satellite data recorded on magnetic
tape.

(b) conversion of rainfall data ol magnetic tape to disc.
(c) establishment of a research profile database of all on-going research

projects in the country.
(d) assembly of gynaecological records at the teaching hospital over the past

It years to form a database tor research.
(e) processing of statistical records of infant mortality in Nairobi.
(f) provision of experimental software to enable surgeons to diagnose the

need for surgery.
(g) access to census data for planning.
(h) selection criteria for small business computers.
In the above research projects and technical applications the most important

requirement is the co-ordination of effort, avoidance of duplication, and com-
inunication of work already undertaken and in progress.

WORKSHOP ON NATIONAL EDUCATION AND TRAINING IN
INFORMATICS

ONC'I rIF t-n-()-iATH DiA on usage of inf.rmnatics within the country is available
it should be appropriate to hold a national workshop to devise education and
training plans for the country. Such a workshop is proposed for Kenya to draw
together all the independently active institutions and interested gr;ups later this
year in co-operation with the D)irectorate of Personncl of the Government of the
Republic of Kenya.
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CONCLUSIONS

DESPITE THE CONSIDERABLE amount of talk of strategies for the development of

informatics in developing countries, action is still being hindered by a lack of
resources. Assistance in the form of personnel, graduate training programmes,
proven training courses and teaching aids, capital investment for hardware and
buildings are still in demand and will continue to be in demand in a country like
Kenya if its move from a basic level of data processing is to be achieved in the
next decade.

Research projects must be undertaken to publicise the relevant applications
within a country and most important of all an updated inventory of computer
applications and manpower projections should be maintained.

Once that is done sufficient national interest can be generated by all parties
concerned to attend a workshop on how these manpower needs and research
activities can be provided and marraged,
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S Advanced Technical Training in
Developing Countries-Some

Wider Considerations

K.T. Rvan
Trinity Colhge, IDbldn

INTRODUCTION

IT IS A FAIIA(CY to equate the training needs of an established company in the
industrialised world with those of enterprises, however sophisticated. in the
developing countries. Training is itself part of the development process. Verv
often its main objective is to replace expatriate with local employees. Successfully
achieving this requires putting training in a much wider context than might usuallh
be the case.

This paper is a review of some of the circumstances that impinge on advanced
training in developing countries. It is based mainly on experience with computer
•,taft training in Africa, principally in Zambia. but is intended to be of wider
interest. No specific training methods or techniques ire described. Instead the
objective is to show the training problem in all its aspects, whether technical.
economic or organisational. If it appears at times to emphasise what is obvious, it
is because this emphasis has been needed in practice. Similarly. if its scope seems
broader than its title, it reflects a need to illustrate the wider context so that
difliculties and obstacles are more easily anticipated.

174
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TECHNICAL ASPECTS

ECONOMIC DEVELOPMENT can be defined as the process of raising the sustainable
GNP above a certain per capita level. At each stage the GNP is made up of a
subsistence element and a surplus available for either investment or consumption.
This is the case in both advanced and developing countries. In the latter however
the surplus resources being allocated are usually scarcer. Accordingly. great care
must be taken if limited finance and personnel are to be used for the greatest
good of society.

Leaving aside foreign aid, the rate of economic development is principally
determined by the proportion of current production which is not consumed. This
investment is used to provide for future production. Thus the greater the
proportion that is consumed immediately the slower the rate of economic growth.
In a country which is primarily agricultural this relationship is clearly seen. The
individual or co-operative farm is a microcosm of society as a whole. A farmer can
either consume his cattle or breed them--he can't do both. In an economy based
on extractive industry (e.g. oil or minerals) the relationship may be obscured.
Mineral resources are non-renewable. (Agriculture, in contrast, is a growing
asset). Therefore the surplus that is available for investment in a mining economy
is essentially temporary in nature. The need for maximum growth and hence
minimum consumption is all the more urgent in those cases (e.g. copper mining)
where the world market price is subject to great fluctuation. However, for as long
as there is a high rate of profit the surplus available can be used to promote long
term growth which will build an economy that can survive during harder times.

We shall consider only the case of a mining (or oil rich) country which has
had a history of colonial exploitation. Political independence must always precede
economic independence for such a country. It is unlikely, however that the
attainment of political independence will of itself lead inevitably to economic
independence. Generally. the colonial administration will try to maximize the
profit exI;acted from the colony and will restrict investment to the minimum
necessary to ensure reliable and eflicient production. Civil and military authority.
infrastructure as well as educational and health facilities are provided for this
reason. There is little to be gained by the imperial power from the advancement
of local employees. Their loyalty to the colonial government is always question-
able and their usefulness is restricted to their own country of origin. Until such
time as the world labour market dictates otherwise, it is easier and more
profitable to fill all but the most unskilled jobs, with imported personnel.

Political independence is an opportunity to change this state of affairs. It is no
coincidence that almost every newly independent country, whether in Africa or
elsewhere, has made education its top priority in the post-independence period.
The appropriateness and the cost/benefit of such education has lately come under
considerable scrutiny. Investment in general education does not guarantee
economic growth. It may produce a literate and partly trained workforce but it
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may simultaneously produce people whose abilities or inclinations are unsuited to
the country's development needs.

One aspect of the manpower training (or retraining) problem is the need for
expertise in the more advanced sectors of industry. There are many types of
foreign "experts" however and decisions as to their relative usefulness are early
pre-requisites in any evaluation of training needs. These decisions themselves
require expert knowledge and this is usually not available within the developing
country. The need for expert advice can be met by suitable outside consultants,
chosen either through the open market or through an international aid-giving
organisation. It is important to realize that the expert's professionalism is more
important than any commitment he (or she) might have to the host country.
Naturally an ideological antipathy would be a hindrance to his work but it is his
professional abilities that are being hired, not his politics. Once suitable technical
consultants have been engaged they must be given their terms of reference.
Because of thc host country's lack of technical knowledge it may take some time
to define realistic and acceptable goals. The division of responsibility between the
government and the outside consultants should be quite clear and explicit. The
government sets the objectives- the consultants, once they accept that the
objectives are attainable, specify the steps necessary to achieve the objectives. A
consultant's typical report in the training area would specify at least:

(a) Manpower needs, current and projected.
(b) Available local manpower, current and potential.
(c) Proposed training to optimise use of local personnel.
(d) Resources required for (c).
(e) Recruitment of expatriate staff.
(f) Evaluation of training progress.
The second last point (e) has a major bearing on the type and quality of

training that will be offered subsequently. If there arc not enough experienced
supervisory staff, on-the-job training is impossible. As some form of apprentice-
ship is desirable in almost all technical occupations, expatriate line staff have a
major training function. Here we must distinguish between the "'accelerated"
training plan of a newly independent country and the normal "'progressiv.
training of any well managed enterprise. In the former instance the primary
objective is to combine the minimum of experience with the maximum of training.
Training can be looked upon as packaged or compressed experience. There is a
shortage of technical research in the area of "accelerated" training. but suffice it
to say that rapid growth industries and war-time military experience provide
empirical evidence that rapid staff promotion is feasible.

It should be obvious that the more rapid and radical are the changes that are

desired, the more this is going to cost. A consultant's report may specify a range
of options showing the relative costs/benefits of different training schemes. The
choice between these schemes is however a political and not a technical, one.
Once a particular scheme has been chosen it must be adequately staffed and
equipped. Competent technical training staff are in short supply. It is preferable to
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offer employment conditions that will attract a number of well qualified staff from
among whom a selection can be made.

The broad outlines of planned training facilities should also be produced by
the consultants. Decisions as to the number and size of training centres will reflect
the relative priorities of general and specific training. The nature of the technical
disciplines to be taught may be such that particular instructional media are more
appropriate than others. If the equipment and facilities required are of a highly
specialised nature it may be better to provide them before recruitment of staff. On
the other hand, it is better to leave as much as possible to the discretion of the
training manager so that his individual preferences and methods are reflected in
the physical facilities he will use.

Periodically the government should request and obtain a clear statement of
objectives, and achievements. It must ensure that the objectives set are precise.
quantifiable, and observable even by the technically naive. Unless there are
extenuating circumstances, failure to reach stated targets should result in some or
all of the following actions:

(a) Dismissal of the training manager and/or staff.
(b) Reappraisal of the training plan by government.
(c) Recall of the consultants if this is felt necessary.
Since the training staff will be judged solely by results, it is essential that they

have all the necessary authority and freedom to carry out their programmes. The
managerial and social problems that this may entail are considered below.

ECONOMIC ASPECTS

THE OBJE(17IVE of foreign investment is to maximise the profits of the investing
company. In the colonial situation the imperial government can count as its profits
not just the taxes or duties imposed on industry and employees but also the
retained profits of those companies and most especially, the repatriated earnings
of non-local employees. The manipulation or control of profits and taxes are a
macro political problem and outside our present scope. It is however relevant to
colsider the cost to the economy of using expatriate labour in technical areas.
Multinational companies are aware of the benefits of employing expatriates
overseas. However many of these benefits do not accrue to a nationally owned
enterprise in an underdeveloped country. Variety and flexibility of work that may
attract and keep personnel do not exist unless the state enterprise has a close
relationship with an external multinational company. On the other hand many of
the costs are only too apparent.

(a) Technically qualified expatriates must usually oe offered a standard of
living higher than they would get at home and, unless the host country is
very rich, much higher than that of local employees of the same status.
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To maintain this standard of living will definitely involve heavy foreign
exchange payments for imports and may also cause a structural bias in
the emerging local economy. A small example: if superior (but foreign)
tomatoes are imported to suit expatriate tastes the local producer of
edible but lower quality tomatoes is not encouraged.

(b) Expatriate savings consist entirely of foreign exchange. either currently or
when they eventually lea\ -the country. A shortage of "hard- or negoti-
able currencies is a frequent problem for under-developed countries. In
view of what we have seen earlier about the scarcity of invest ment capital.
this makes expatriate labour a particularly cxpensive commodity.

(c) There are many overheads in having expatriate stalf, some of which are
often ignored or underestimated by '*host* governments. Besides the
obvious expenses such as providing superior housing. paying for travel
and baggage, mounting recruitment campaigns etc.. there are such "hid-
den" costs as those of disruption due to frequent staff changes or the
additional furniture and house maintenance required due to quick tur-
nover of occupants.

(d) One definite but difficult to quantify cost remains. It is the social cost to
the host country of having an alien elite whose life-styles and tastes are
inappropriate, and most probably unattainable, for the vast nmajoritN of
the local population.

Notwithstanding all of these costs, expatriate staff are often a net benefit and
are occasionally essential. They are so expensive, however, that a positis C
cost/benefit should be shown for each position, stating clearly the need for a
non-local employee. It is in this context that we must consider the costs and
benefits of competent professional training.

The cost of a line employee, whether local or expatriate, ., a current cost to
be met out of current income. The occasional education and training necessary to

enable the employee to do his present job satisfactorily, is likewise a current co,,.
But the cost of training a local employee to fill a position currently occupied b\ an
expatriate is an itues'tment cost. At a later date it produces a saing both in
internal and foreign exchange terms. The money so saved is available for
reallocation. In long-term planning therefore it is better to spend as much a,
possible on training in the near future, if the overall expense to the developing
country is to be minimised. An example may help to make this clear.

Let us consider a typical technical position, using costs that I have taken from
an actual company.

Local nployce: total annual cost 5.00
Expatriate employee: total annual cost 16, M) (5.000)

(Foreign exchange element shown in parentheses represents gratuities. remit-
tances. air fares, etc.)

Let us suppose that the following training resources arc required annually for
a full five-year period to train 10 local employees for this position:
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2 x Training Staff annual cost 66,0M0 (12.000)
Training equipment etc. annual budget 10.0(W (6.000)
Overseas Courses annual budget 10,000 (10.(W)

86.0(1 (28.(Ot))

Therefore the five years of training will cost 430.0(9). of which 140,)00 is foreign
exchange.

Having replaced 10 expatriates by 1{ newly trained local employees the
annual saving will be:

10 x expatriate employees 161,00) (51.001))
10 x local employees 50,001

110,0) (50,0M))

After four years this saving will total 440.000 of which 2(0.00( is foreign
exchange.

The entire training cost can thus be written off in four years and in addition
there is a continuing reduction in foreign exchange costs. If foreign currency is
very scarce in the developing country this saving is even more important. It i,; the
reduced foreign exchange cost that helps provide the additional investment capital
necessary for longer term development. The reduction in the social costs men-
tioned above will also be significant. Of course the danger remains that the "'host"
country becomes accustomed to the expatriate life-style and a local elite is formed
whose inclinations are inimical to the long term growth of the economy'.

ORGANISATIONAL ASPECTS

WirinN A PRWAIt (OMPANY the purpose of training is to contribute to profitabilityv
by increasing productivity, job satisfaction and general awareness. Trainings
position with respect to line management is almost self-defining. If a training
policy conflicts with management requirements, the training policy changes. Even
within nationalised industries in developing countries. training is ev aluated on its
contribution to reduced costs or higher staff morale. Such an industry ma\ not

have a profit motive but. generally speaking, its social or political goals are
defined outside the training area. A developing country which wishes io achieve
accelerated promotion of local employees in technical areas. has, set a social or
political objective whose rea!isatio:i is part of the training function, As we ha\e
seen, one reason for wishing to localise as quickly as possible is that the optimum
profit for the company (even if nationalised) is not necessarily the optinmn level
for the country as a whole. The disparity mal be due to the different costs, in local
and foreign currencies, of the expatriate and local employees, There are also the
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social and political aspects of unemploynent, national morale, ideology ctc. Tbe
wish to localise is not enough. however. Having set a 'higher- goal the go crn-
ment must consider how it is to be attained notwithstanding the established line
authorit\. It is not enough to obtain the consent. however genuine. of manage-
ment. Yet even this consent may be absent, or at least lukewarm. especially in
those cases where the management feels itself threatened. A typical situation
therefore is one where an external training section is given a set of object~ves. the
achievement of some of which may be opposed by management. Such conflicts arc
unfortunate but in achieving 'accelerated promotion' thev are almost inevitable.
Tact. diplomacy, and a willingness to compromise, will minimise the head-on
collisions and a measure of maturity and experience of the training staff will tnc! their ability to maintain harmony without sacrificin. their overaHlls'. Given that

the training staff are employed specifically to achieve these goals ho\ccr, and
given that they are of the calibre and competence recommended h, the outside
consultants, their opinion as to the need for a course of action shoul I ov.crrulc
that of management unless a clear and unambiguous case call be made to the
contrary.

Within the under-developed countries of Africa there is a social or racial
overtone to any localisation effort. Expatriates tend to be European or Asian,,.
Training aims generally to replace them with black Africans. In addition, if
there is a history of overt racial discrimination, its memory max aggravate the
organisational stresses of rapid local promotions. "'Reverse discrimination" max
be alleged, and in a way that is exactly what should be happening. The crucial
difference lies between the long-term career of the local and expatriate emplo ce.
The former is entitled to anticipate spending his full working life within his omn
countrv, achieving as high a level as his country's development and his own
abilities will allow. An expatriate is, or ought to be. a short-term employee. No
expatriate should look for. or be offered, a lifelong career within a single
companv. If he is not contributing directly to his own obsolescence, then someone
else ought to be. This -'someone else" will usually be a training person whose
usefulness, in turn. is also of limited duration. "'Discrimination- in fa\ our of local
employees is thus the meaning of rapid training. Rationality is ro antidote to
prejudice however, and the merit of the training function does not guarantee its
success. It is essential that the element of racial conflict be faced openly and dealt
with decisively. Management. both local and expatriate, should take every oppor-
tunity to demonstrate and encourage racial harmony. If their own prejudices
make this impossible for them, then be they local or expatriate. they are unfit for
management in the developing counir,. The presence of some black expatriate
employees might also help to soften the racial boundar\.
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CONCLUSION '4

,\ / ! . .-

"TRAINING LOCAL EMPLOYEES to replace expatriates is an essential part of economic
development. Quite apart from political, social or ideological goals it can be
justified in cost/benefit terms. However this activity is qualitatively different from
the normal DP training function and it is accelerated. It may cause some
disruption and resentment. Management's clear perception of these differences -.
and difficulties can ensure the setting of realistic training goals. Outside help.
especially consultants, may be sought in choosing a strategy towards these goals.
Firm commitment by the indigenous management can then guarantee their
achievemeow.

. . .
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o The Need for a National Information
pCentre on Industrial Organisation in a

Developing Country

Ural Sozen
Ankara Academy of Economic and( mnerial Sciences. Turkey,

INTRODUCTION

ONE OF THE MAIN PROBLEMS of production is idle capacity. The reasons for this idle
capacity in developing countries are drastically different from the ones prevailing
in developed countries. But the techniques for fighting this illness in developing
countries a-e not much different from the ones used in developed countries.
Therefore in most of the cases, developing countries fail to cope with this
problem.

The cause of idleness in production activities in developing countries is
structural in nature. Since the sector activities are incomplete, a firm must bear
the production activities where otherwise there is no possible way for them to
obtain the necessary services.

During the development processes an industrial sector might develop by
itself. But in most cases the sector does not find this opportunity. As a result there
are duplications in investments and unnecessary production capacities. which in
turn increase the amount of idleness as a whole.

We do think it is inevitably necessary for developing countries to adopt. what
we would like to call, a central organising unit to assume the responsibilities of
coordination. In this paper we take Turkey as an example and propose a model for
such a centre. This topic was dealt with at a conference held in Istanbul in 1971 jointly
organised by National Productivity Center and UNIDO (MPM, 1973).

182
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SITUATION IN TURKEY

IN A 1976 survey of Turkish manufacturing industry 12.9 per cent utilised less than 39
per cent of their capacity. 31.2 per cent utilised between 404 and 59 per cent. 37.9 per
cent utilised between ,80 and 1(N) per cent. By a rough estimate. 45 per cent of
manufacturers utilise 60 per cent or less of their capacity (State Institute of Statistics.
1977).

According to a 1977 survey 15.1 per cent of manufacturers utilised less than 39
per cent of their capacity. 29.11 per cent utilised between 401 and 59 per cent. 37.1 per
cent utilised between 60 and 79 per cent and only 25.7 per cent of them utilised
between 8) and 1(N) per cent. These ratios do not show much difference between I 976
and 19 77. Again. 45 per cent of manufacturing industry utilised less than (I per cent
of capacity (ibid. 1978).

In the 1978 study. 25.2 per cent of manufacturing industry utilised less than 39
per cent of its capacity. 34.8 per cent utilised between 40 and 59 per cent. 31.5 per cent
utilised between 64) and 79 per cent and only I10 per cent utilised over 8I0 per cent of
capacity (ibid. 1979). In 1978, the situation seems to be somewhat different, but this
difference is due to the economic bottleneck Turkey entered in 1977. Difliculties in
transfers and especially the inability to provide industrial raw material inputs in
addition to the existing structural difficulties caused the situation to change slightly.

IDLE CAPACITY CREATING FACTORS

USUALLY IDLE CAPACITY is caused by maintenance and production necessities.
material procuring difficulties, market fluctuations, labour and employment prob-
lems, financial bottlenecks, doubts in reaching optimisation. faults in the control
mechanism, and selection of technokgy (Kobu, 1979; Buffa, 1971. Levin et al.. 1972:
Louis, 1963; Riggs. 1976). The same factors have been quoted in the questionnaires
used in Turkey since 1976. In Turkish industry, the main cause of idle capacity is
raw material deficiencies. Labour problems. financial bottlenecks followed by
insufficient demand are the other idle capacity creating factors. Table I shows the idle
capacity creating factors which were stated between the years 1976-79 from the
evaluation of the questionnaire. Of "'other" factors in the table, energy deficiency
predominates.
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Table I. Idle Capacity Factors in Turkey

Material Labor Financial Insufficient
Years Deficiencies Problems Bottlenecks Demand Other

1976 35.9 12.8 13.5 15.6 22.2
1977 37.5 11.7 12.7 17.8 20.3
1978 46.36 9.6 14.8 17.9 11.4

Source: State Institute of Statistics, Manufacturing Industry 1976-79.

THE PROBLEM CONCERNING UTILIZATION OF IDLE CAPACITY

IN THE 1979 programme of the fourth five-year development plan, concrete proposals
are made especially for the utilisation of idle capacity in the state economic
enterprises. Some measures are designed to prevent idle capacity arising (DPT.
1979).

State economic enterprises had entered other areas of activity that were
connected to their operations. For that reason investment duplications took place.
The measures in the 1979 programme envisage the utilisation of idle capacities of the
state economic enterprises by manufacturing goods for each other.

At the base of these precautions are the Co-ordination Department's August
1979 report which suggested that, in order to increase productivity among the
state economic enterprises, they should utilise each other's idle capacities. The
difficulty of such an application lies in gathering information about the machine
powers and capacities and information concerning the monthly loads of each
enterprise. In the report it is stated -'It should be ensured by legislation that the
state economic enterprises evaluate the publications of the (information) center
and provide the necessary coordination for full utilisation of the total capacity"'
(DPT, 1979).

THE REASON PROPOSED FOR IDLE CAPACITY IN DEVELOPING
COUNTRIES

BEFORE PR(F-Et)ING with the development of a model for developing countries.
one must consider whether there is a special reason for the occurrence of idle
capacity in these countries.
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Thompson (1967) stresses the importance of obtaining capacity balance in
organisations. Furthermore. he states that the lack of balancing activities inevitablv
results in the emergence of bottlenecks or idle capacity problems. When a firm comes
face to face with the decision of integration, it definitely should consider the problem
of balance prior to the final decision. Thompson suggests that the criteria for decision
should ensure that the capacity of the marginal organisational unit results in
maximum utilisation. In other words, each new organisational unit should be added
if, and only if. its full capacity is utilised.

This proposition should not be considered as an abstract judgement. Raw
materials, resources and market demand, above all, affect the main capacity.
These, as a result, influence the added capacity. For this reason. capacity
determination should not be considered as an independent variable.

Buffa (1971) on the same subject. states that "Balance is the central problem
in designing a production or assembly line. This is not to minimise the other
problems of physical positioning of equipment. material handling devices,
design of special tools and workplace layout, for in many instances solutions to
these problems will contribute to the balance of the line. Balance refers to the
equality of output of each successive operation in the sequence of a line. If they
are all equal we say that we have perfect balance and we expect smooth flow. If
they are unequal, we know that the maximum possible output for the line as a
whole will be dictated by the slowest operation in the sequence, often called the
bottleneck operations".

Although they do not explicitly state the emergence of sector structure,
Thompson and Buffa both accept it as the underlying assumption. Both of them
assume that the firm evaluates its means and market expectations, and according
to the availability of an opportunity, acquires new capacity that satisfies the
balance restriction. The system rationale is based on the availability of choice
alternatives. The firm adopts new capacity only if this application is profitable.

In the developing countries, however, such an opportunity of choice is not
present. In many instances the firm is forced to produce goods that can be easily
imported in the case of developed countries. For sector development is still at
introductory stages.

However in some sectors, the main product, because of its "pace maker-
characteristic, provides the opportunity, for sector evolution. Most of the time, in
the sectors that have oligopolistic and other imperfect competition conditions
production of the main product organises the sector and as a result, the firms that
comprise the support system gradually emerge.

The automobile industry has these characteristics. As a matter of fact, with
the establishment of Fiat and Renault factories in the 1970's in Turkey. the
development of supporting sector units were realised in a space as short as ten
years. Nowadays, the quality of spare parts produced by this supporting sector can
compete in world markets.

In summary, in developing countries idle capacity continues to exist for firms,
because sectoral organisation is incomplete at the beginning and because, even
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after completion of this organisation. the investments of the firms concerned are

already consummated.
There are other reasons of a social and economic nature which motivate the

firm to acquire a capacity for the services it needs. But the main problem here

stems from the fact that in sectors involving a large number of firms, firms tend to
import technologies incompatible with the existing technology or that, although
they can purchase certain services from other firms in the same sector, this they

fail to evaluate. This is because they are inadequately informed. Thus, on the one

hand, these technologies incompatible with the sectoral organisation. and tending
to create idle capacity, are introduced into the sector- on the other hand idle

capacities occur, even when there is no nominal incompatibility, because of

duplications.

THE NECESSITY FOR AN INFORMATION CENTRE

1-1 IS AS3OL1.UTELY N-CESSARY for developing countries to establish some mechanism
that will support the formation of sectors. This should not be interpreted to mean

that a custodian establishment niust be imposed upon the sector. The proper
solution is the formation of a body within the sector that will accumulate, store.

classify and dispatch information concerning financial opportunities. market situ-
ations. technology, idle capacity and conditions of utilisation. demand projections
etc. The contemporary development of means particularly in the field of in-

formation processing render such an enterprise possible.

A PROPOSAl. FOR THE CASE OF TURKEY

IN Tfit: '.,\Sft Of TPIRK-N the information needed for such a centre can easily be

collected. This information already exists in rough form in various institutions
relating to Turkish industr'.

These institutions arc cited below according to the information they have.

The idle capacities in computer time which could be used are also cited.
(I) Tiirdok: Tubitak (Turkish Scientific and Technical Research Association)

is concerned with the subject of technology transfer and provides a service to

interested firms.
However, the Tiurdok computer centre files only data that is related to newly

created or adapted technologies. Data related to the users of the technologies or
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related technologies are not collected by this unit. For this reason, the information
in its existing form does not provide solutions to the problems presented in this
paper.

(2) Odalar Birliki (Union of Chambers of Commerce and Industries): As a
result of the supplementary industry strategy this institution has collected capacity
reports on 22,0() firms. These reports contain information about the technologies
utilised, capacities. raw material needs. res;ources of these firms, market potential
and the potential demand for the products. However, the information is kept in
separate files for different firms.

The Union of Chamber of Commerce and Industries research in order to
increase the use of capacity. However. they base their studies on traditional
factors. Moreover, the capacity reports are not utilised in these studies.

(3) The Ministry of Industry and Technology: The Ministry of Industry and
Technology has not conducted research on this subject.

(4) Computer utilisation: The Public Sector in Turkey owns 139 computers of
which 72 are large scale, 14 are medium and 53 are small. Of these computers a
total of 359 hours of computer capacity is created. Of this capacity. only 1(9) hours
is utilised and 259 hours is idle.

The private sector owns a total of 206 computers of which 96 are large. 27 are
medium and 83 are small. On these computers a total of 359 month/hours of
computer capacity is created. 133 hours of this capacity is utilised and 226 hours is
idle.

A total of 42 per cent of public sector computer capacity is used for services, 12
per cent is for production and 18 per cent is for education. In the private sector 40 per
cent is used for services. 54 per cent is production. and only ((5 per cent is for
education.

Fifty per cent of the total computer capacity is in Istanbul. 45 per cent is in
Ankara and 5 per cent is in other provinces.

CONCLUSIONS

k'*"Iln developing countries, the idle capacities of enterprises is a problem
related to sectoral organization.

"fe Because of incomplete sector formation the enterprises are involved in
manufacturing areas unconnected to their basic operations.
'-f In some sectors (especially in oligopoly situations) firms contribute to

sector formation.
- Generally, and especially in competitive sectors, it is not possible for

sector formation without intervention. If no aid is provided there will be idle
capacity generated.

(4, By establishing a supportive central information system at the beginning.
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-- the centre could generate information and publish it in the fields of marketing.
finance, technology and machinery.

I ( There is sufficient disorganised information and data capacity to warrant
such a n information centre. All that is required is to organise it.

-I-PIn the case of Turkey, the information required is mainly concentrated in
the Union of Chamber of Commerce and Industries where such a centre could be

organised
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C'Informatics and the Irish Economy: An
C Overview

Eamon Lalor
National Board for Science and Technology, Ireland

INTRODUCTION

This paper aims to present a brief overview of the importance of the electronic
information technologies (including electronics. computers. telecommunications.
software etc.) in the Irish economy

THE IRISH ECONOMY

FOR AN INTERNATIONAL ADI)IENCF it is worthwhile sketching briefly recent
developments in, and the present state of, the Irish economy. Although towards
the bottom of the scale of its OECD partners, Ireland is. in world terms, a
relatively wealthy country. There are. however, a number of features-the
openness of the economy, the relative size of enterprises in all sectors, the sectoral
breakdown in employment, recent trends in industrialization and the demographic
pattern, for example, which make it unique.

The fact that the economy is both small and open means that Ireland is never
immune from worldwide developments. Because the domestic market for
products is small, industry is heavily dependent on selling abroad, but because the
Irish output is small in world terms, the selling price for the products is largely
determined by world conditions. Recession in the economies of our trading

18'4
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partners inevitably has a significant effect on the Irish economy. On the other
hand the openness of the economy has helped in its rationalisation. since
competitiveness is in many cases a necessity not only for growth but for survivaL

Thirty years ago the country's economy was largely based on agriculture.
More than two fifths (43 per cent) of the workforce were employed on the land.
About half that number ((22 per cent) were in industry and the remaining oie third
(35 per cent) working in services. Employment in agriculture has continually fallcn
since then to the point where it is much less than that in industry today (21 per cent as
against 32 per cent). About half the working population is now employed in services
(48 per cent).

In addition to the increase in employment in manufacturing in this period.
output from the sector has increased dramatically-to the point where manufac-
turing output is now more than double agricultural output-and this growth in
output has fuelled the sustained growth of the whole economy.

The work of the Industrial Development Authority has resulted in the rapid
build up of a modern manufacturing sector, which more than compensates in
employment terms for the decline of traditional industries while significantly
raising output generally. Much of this new industry is in high technology areas
such as chemicals and electronics. Much of the output of these firms is exported
and this has enabled the economy as a whole to grow steadily.

The Irish demographic pattern is unusual, with a high dependency ratio per
worker. The population of Ireland is about 3.5 million. Of these some 2.3 million
are not in the workforce being either too young or too old. in full time education.
incapacitated or not seeking work for some other reason. Of the 1.2 million
remaining, about 10 per cent are unemployed leaving 1.1 million in employment.

A very large fraction of the population is young and has not vet entered the
labour market. There will. in fact, be large numbers oif young people becoming
available for work each year for the foreseeable future. This poses both an
opportunity and a challenge. If productive employment can be found for these
new entrants the economy can grow significantly with sizeable consequential
increases in per capita incomes. The problem will. however, be to find enough
new jobs.

In summary, therefore, the Irish economy is small and open. It has a modern.
growing. exporting manufacturing sector which is fuelling the growth of the entire
economy and it has a growing. mostly young population.

THE IRISH ELECTRONICS INDUSTRY

WITHIN A GENERALLY GROWING manufacturing sector the electronics industry has
shown the most remarkable development. The activities of the IDA were to a
great extent responsible for this development. As these activities are described in
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another paper in these Proceedings (Hanna. p. 134). the discussion here will he
limited to a brief overick.

In 1974 the IDA identified the electronics sector as one which at the lime was
relatively isolated from the impact of the recession and which would expand
rapidly in the following years. A specific development strategy was prepared and
has been actively pursued since then. "The strategy included the identification of
key technologies and the selection of target sectors.

The key technologies include microchip fabrication, and the IDA identified
world leaders in this field and promoted their involvement in Ireland. Companies
in this area presently manufacturing here include Analog Devices. Mostek and
Fujitsu.

The taret sectors are those with high stable growth rates and strong
technological bases. High risk sectors, for example. certain consumer electronics
and components which are labour cost sensitive and have short life cycles are
avoided. These target sectors include: data processing equipment (mini-corn-
puters, terminals. printers), business electronics (e.g. word processing equipment).
industrial electronics (e.g. process control equipment. scientific instruments) some
consuner products. automotive products and electronic components.

The IDA has achieved a remarkable success in this area to date. There are
now some 85 companies in this industry in Ireland including a number of the
world technology leaders. These companies include DEC, Amdahl. Prime. Apple.
NEC, Wang, Technicon. Westinghouse, etc.

Employment in this sector has more than doubled since 1973 and now stands
at 15.{)1). It is expected to reach 30 .0)l)0 by 1 985.

Exports of electronics products have increased by a factor of 16 since 1973
and now stand at £450 million per annum. This constitutes a remarkable 20
per cent of all manufactured exports. A figure of 21.2510 million is projected for
electronics exports in 1985 and this would constitute a significantly larger fraction
of all manufactured exports at that time.

This is clearly a remarkable success story. Prudence. however, dictates that
we take a closer and critical look at certain aspects of these developments. The
growth of this industry results from substantial foreign investment in Ireland-
notably from the U.S. and Japan. This investment is welcomed. The question
must. however, be asked whether in the highly competitive environment which
has developed worldwide for mobile investment, does Ireland have the capacity to
sustain existing investment of this kind and continue to attract further such
investment?

Questions can also be asked about the quality of technology transfer involved
given that most of the Irish subsidaries of multinationals in this sector do little or
no research and development in Ireland-although there are significant excep-
tions to this. It is also true that relatively little of the marketing of the products of
these companies is undertaken from Ireland. Furthermore. there is a relatively
small volume of sourcing of raw material. components and sub-assemblies by
these firms from Irish sources.

The overall question then is: is this industry developing in such a way as to
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ensure self sustaining growth generating spin-off activity and being constantlN
refuelled by local innovation leading to new products which will be continuall\
required by the rapidly changing marketplace') This surely must be the objectic.

Present industrial policies have served Ireland well in the last decade or so.
The changing world economic environment has. however, dictated that these
policies be reviewed. The Government has. therefore, requested the National
Economic and Social Council to undertake a wide-ranging and fundamental
review of Irish industrial policy. The NESC report is expected to be published h%
the summer of this year. It is to be hoped that the study wiii identify opportunities
for enhanced development of self-sustaining indigenous enterprise working in
parallel ,ith and perhaps linked with foreign inestment. It would certainl seem
that such opportunities must abound in the electronic, sector.

THE APPLICATION OF MICROELECTRONICS

IT woL t) RF A \1IS'1AKF to think that the contribution of electronics to our economy

is limited to the output of the electronics manufacturing sector itself. The fact is
that the use of electronics is becoming so widespread and its effects so significant
that it is having an important impact on most if not all industri'; sectors both
manufacturing and srvices.

The National Board for Science and Technology (NPS-i ) has undertaken a
study of the implications of microelectronic technology on the Irish economy in
the decade of the '80s (NBST. 1981). This work is being reported elsewhere in
these Proceedings (Cochran p. 245) and will. therefore, be only briefly touched upon
here.

Microelectronic technology has advanced with extraordinary rapidity
recently. The greatly increased power and reliability of integrated circuits together
with the much reduced size and cost have resulted in the scope for appropriate
and cost justified applications growing explosively.

It is clear that there is considerable scope for the application of micro-
electronics in many sectors of the Irish economy. In sonic sectors the effects will
be more far reaching than others, and results will be seen in some sectors earlier
than others. But it is abundantly clear that the use of microelectronics will be a
growing factor in the competitivencss of Irish industry and this. given the
openness of the economy and the fierceness of international competition. gives
urgency to the task of ensuring that the technical possibilities are understood and
that the technology is available to potential users.

There will be a need in Ireland to raise the level of awareness of the
technology amongst industrialists across the whole spectrum of enterprise from
the small firm to the large. The State will have a role to play in this area and a
programme to this end will be established.
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There will be a need to ensure that sufficient competence in applying the
technology in a wide variety of industrial and commercial environments exists to
meet the growing demand for such expertise in the years ahead. There would
appear to be an important role and opportunity for the private sector here with.
perhaps, appropriate State support.

It is worth emphasising here that this technology is not just another tech-
nology. It is all pervasive in its use and etfects It is a general enhancer of the
productive process. Its timely application is critical it maintaining and enhancing the
competitiveness and efficiency of the economy generally.

INFRASTRUCTURE

IN ris sECttON we shall deal with two different kinds of infrastructure vital to
support and sustain informatics development in Ireland. These are firstly Tele-
communications and secondly the national capacity for Education. Training,
Research and Development.

Telecommunications

It is possible to consider telecommunications as a branch of the electronics
industry on the one hand and a component of the service sector on the other.
Such an approach would, however, miss its central role in the economy.

Telecommunications is being strongly influenced by electronics nowadays
with new digital switching and transmission techniques being widely adopted. But.
given the increasing convergence between information processing and telecom-
munications. the existence of an excellent public telecommunications network is
itself a prerequisite for the healthy development of informatics in the economy
and indeed of the economy itself.

The existence of an excellent telecommunications network facilitates social
and economic development generally and its absence retards such development.

Let us briefly review recent developments and future plans for Irish tele-
communications (see Byrnes. p. 153 for further details).

The report. recently published, of the Posts and Telegraphs Review Group
established by the Government to advise on appropriate forms of organisation to
run the Posts and Telecommunications services, documents the poor present state
of public telecommunications in Ireland. There has been an extensive period of
unsatisfied demands for telephone and other services. and the quality of the
service provided has been inadequate.
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On the oither hand this time w&ill bie seen mih hindsight to ha'c ecl en
watershed period for Irish telecommtunications. A number of import ant dccIsions

with far reaching cotnsequence,, havec been taken, The timeRcl decision of the Post
Office engineers to specifN digital imtching equipment to0 mleet the future needs of
the network is particularl\ important. [his digital (wholl electronic. softokarc
controlled) exchange equipment w-ill lie thle most miodern of its kind avaiilable and
w.ill facilitate in due course the prosision of adv~anced facilities, and new, serxitees
on the network. Paradoxically the present underdevecloped state oif the netwkork
\%il--in the period of rapid growth ahead-allowv the earlk des ehipment of onle of
the most modern netss (rks inl Europe it, the capacit\ oif the digita equipmnti
installed overtakes and exceeds, that ofi the existing elect romechan ical cquipntlCnt
in the mnid ito late eighties.

[his future Irish dliitial net work should be w~cl I abic to decal will the genera!
11low of information whether that infoirmatioin bec in the foirm (if' \lice, data. text.
or still oir til~lilg pictures,. This will strongly facilitate Ireland's transition To thle
in formin o il ciet\.

The C osernmnent decisio n to accept the aidvice oif the Res iew O roup and to
create at State sponsored body, Anl Bord Telecom. to run the telecommunication,
services along commnnercial lines. and the decision toi inject substantial capital intoi
telecommunications development (iver the next five sears, are also mnuch to bie
welcomned and will facilitate these developmntts.

The stat utor\ Bord Telecom, will bec established shortlI\ndwl has\ eColl-
siderable sco pe to adoit itnaginative niew approiaches to thc es eolopment of this
vital national service and~ (if the tnanu1.facturitte sector whiich suppoirts it.

Signifiean t oippoirtunities will exist foir coioperat ion btenAn Bord Telecom and
prisate industry foir their mutual beneltit.

Education, Training. Resarch and Det.eopment

One of the attractions of Ireland for foreign itdtustrial itnvestment is the
presence here of at well educated woirkforce. Our system (if primary. secondar\
and university institutions hats for many years pr( ivided at liberalI educat io ott(f a
high standard in world terms,.

In the last 20 vears with the rapid growth (if technology intensis e indttstr\ wec
have seen the creation (if Regional Tlechnical Colleges (nine, distributed
throughout the country) and] National Itnstitutes for Higher FdCaL~t ittl (One inl
Limerick and one in [Dublin ) which provideC C(edutiOnl and training prtmaril\ oif a
technological nature and for the most part explicit l\ oriented to~katds, the
requirements of industrN.

The traditional educational establishmrents - -schools at secontd les el and
universities-have been slow to adapt to the rapidlM changiti i ensironntn of
technology based industry. It is, therefore. ito be welcomed that the (ios einentl
White Paper (in Educational lDevelopment rccntls published. recogiL'nse the
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need,, for at balanced educational curriculum which provides for imiprov'ed facili-
ties for scientific and technological education,

In the CVoluti0 I of our 0.ducaional institutions which will continue
throughout the eighties. it %%ill be important to keep it proper balance between at
liberal and technical education onl the onc hand and w ithin technical education
between b rta h tl ased educat ion and n arrt tk special i/a litn (t tIhe other. Btth
temlptat ions-to concentratec eclusi~cl ()it ; rrmt\ speciali/'ation and to ignore it
altoict hcr-shouIIli e resisted eul~

['he U.ni~ ersities and the Nationlal Institutes for H igher Education are thle
seced beds from which our electronic,, graduates \%ill Spring. ['hc\ are the source of
our future innoC ati~t_ capatcit in this area. The% neced to bie continuoush and(
inlcrealsingl\ supported aind tile\ riced to adopt tiesible institutional arrantilentsl
inl addressing national priorities.

A numbeir of interesting developmients of relc alice to thc infortmation
technologies is, present l\ taking place. A\ \icroelect rtnics, Applicatiotn ( ciiire.
supported by at number of State institutions has been) establishedc( onl thle Campus of
the National Institute for Higher Education. I i nierick t NI II F. A NMicro-
electronics Research Centre hiis been established atl I'nki~ rit\ C oIl '_ Cork. Ibis
is and will incrcasingl become at centre of est ellence inl scMiictmdUctor research.
A National NIicroelect ronics I .aboratorv is soon io be established of! a third lec el
canmpus iii the Dublin areai to address the research. dc .clopinnt and training
reluiremetits of the gyrowitie Irish semiconductor fabrication industrm. Inl additiotn.
new institutions dealingz with the research, development and training requiremnents
of the telComn111iuCatioris Seettr-both service ain atiufacture-are present l\
being specified arid at software innovation centre is under discussion.

It will be importatnt that each of these specialised iinstitutiotns has, ati active
and mutually enriching~ interaction with the existingi third levrel educational
establishmetits.

CONCLUSION

RHAND) is A- SNM~iA omF'Is Fu )osi dependent for its continued growth on) com-
pettiv epors.The econonwv is largely sustained by at moderngrwgices

ingly high technology manufacturing sector with at particularly strong electronics
industry which has grown mostly ats at result of foreign investment.

The electronic information technologies canl contribute to the Continued
health of the economy through: further growth oif foreign investment iii this
sector: the acceleration of the growth (fifa self sustaining indigenous industry iti
this area: the development of an advanced competence in nmicroelectronics
applicatioins throughout Irish industry and the development of an excellent
telecommunications network.

In order toi ensure that this growth is organic and self sustaining. the scientific
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and technological infrastructure of Education, Training, Resedrch and Develop-
ment institutions will have to be strengthened to meet the growing and changing
requirements. This will be particularly true for the indigenous component of the
sector. Developments in this regard have started and will continue throughout the
l980s.
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SECTION 5

The Implications of Microelectronics for
Productivity and Employment

I he potential economic effects of microelectronics and the im-
plications for employment arc examined. Discussions range from a
glohal o\er icw of the electronics sector itself to an examination of
the likel impact in other fields such as the garment industry and
con,,ideration is given to the likely effect of different economic
n\ ironincnts with particular emphasis on the case of developing

countries.
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0Comparative Advantages in

Microelectronics

__Juan 1. Rada
C 'nitre 1or Education in International A anagemcnt

Switzerland

FOUR BASIC ASSUMPTIONS

T-t INITIA[ |(oiNi of departure for analyzing comparative advantages in micro-
electronics is to make certain explicit assumptions. First. technology changes
conditions but does not determine comparative advantages., Many other factors
such as industrial structure, skill endowment, managerial practices and the overall
structural characteristics of any given economy play a crucial role. The role of
technology in conditioning comparative advantages is nevertheless beyond doubt.
The majority of studies, from different angles, and using different methodologies.
tend to agree on this point. Therefore, comparative advantage. particularly in
manufactured goods. is to a great extent a function of R & D intensity and the
scientitic/technological environment of any given country (US Dept. of Labor.
lt)): Schmoranz. 1980).

Secondly. the entire industrial infrastructure is becoming increasingly ab-
stract. based upon technologies and guided by scienceBecause of the importance
of technology, comparative advantages have become increasingly man-made
rather than determined by historical circumstances or geographical position. (This
is not to diminish the importance of these factors, but to put them in the right
perspective.)

As technology becomes more abstract, it also becomes more pervasive. The
digitalisation of information relates in many important ways to human intelligence
functions and the still infant processes of genetic engineering are related to basic
mechanisms of evolution and life.

ItQ9
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Furthermore, because of this abstraction technology is being iftc'TasinglN
embodied into tangible goods. (it has been estimated that the amount of tech-
nology embodied in Japanese exports between 11*2 and 1977 has mbre than
doubled). The 'information society" seems to be one where increasing amounts of
information are incorporated into material goods and the process of their produc-
tion. Unfortunately. the present statistical base is incapable of providing a clear
assessment of this shift, except sia occupational categories of the labour force or
rather old definitions of research-intensive products and science-based industries.

--,Thirdly. the all-pernasive characteristics of information technology will affect
to different degrees all industries and productive activities. This compreh,-nsise
technology simultaneously affects:

Production Products -

rurocesseo
-'StructurCd and unstructured otficc work
'-Services , .

Information low's.

This takes place because of the digitalisation of dilffrent types of signals
which is now possible due to the desclopment of the "basic" components: the
mic-oprocessor and the microcomputer. Current technological developments will
a.fe:t all areas where information exchange takes place. whether these activities
are of an electric, electromechanical, mechanical. electronic, hydraulic, pneumatic
or intellectual nature.

, Finally, production (in the general sense of transformation of nature and not
only manufacturing) is becoming more and more a product of capital rather than
labour. In a more theoretical vein. this seems to respond to the overall tendency
of capital to become as independent as possible of the factor that conditions its
reproduction. whether it be labour, materials or other constraints.

The above is nothing but the continuation of a historical trend which was first
clearly evident in agriculture and then in large scale continuous production such
as petrochemicals. This in itself raises a number of issues in relation to com-
parative advantages, particularly in terms of capital requirements, even if a
technology reduces unit cost as is the case in many microelectronics-related
applications.

This growth in capital intensity produces greater demands on management.
skills, marketing. etc.. as a result of the need for the full utilisation of equipment.
shorter product and design cycles and the introduction of data processing equip-
ment in heavily manned areas sucb as the office. The types of knowledge and
skills required for these changes are far from clear, except at the software and
system level. What can be said is that these 'intangibles* or 'invisibles' will grow in
importance. (Introducing a speculative note here. one can easily imagine that in
the long term, one could be talking about *management intensive' products its
hardware incorporates more skills and becomes more economical. At the
moment, we have no way of measuring this to anything approaching a reliable

*" ",, )/,,
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indicator. This is further complicated by the varying 'management styles' which
characterize different countries and cultures.)

These four elements provide the overall framework in which the question of
comparative advantage in microelectronics needs to be considered. It is also valid
in understanding the impact of other advanced technologies on the international
division of labour, since these technologies share some of the characteristics
described. (The reference is to information technology, biotechnology and new
materials technology.)

RESEARCH AND DEVELOPMENT

Et I(r1oNtcs is significant because of the convergence characteristic of the
industry. The importance of this industry now and in the future is a foregone
conclusion. In quantitative terms in 1975 in the OECD area, those industries
producing electrical and electronics machinery, equipment and supplies, including
computers. data processing supplies and accessories, spent about 13 billion U.S.
dollars on R & D and employed 225.)) research scientists and engineers. This
represents about .1 per cent of all industrial R & D resources in the OEC1) area.
The industry became the biggest R & D performer of the industrial sector.
overtaking the chemical and aerospace industries.

Table I gives a breakdown of expenditure by "main performers",

Table 1. R & D in the Electrical Group (Including Computers) 1975

R & D Expenditure RSE (a)

$ millions (c) 1/ FIE (h) I

United States 7.325 57 I 9.5W0 54
EEC Countries 3.945 30? 56.51K) 25
Other 1.691 13 47.)( 21
(of which Japan) (1.345) (10) (43.(I) (2o)
TOTAL. I2.Ai) I0--i T23..) I -

(a) Research Scientist and Engineers (RSE)
(b) Full Time Equivalent (FTE)
(c) At Current Exchange Rates (1979)
Source: OECI). "Trends in Industrial R & I) in selected O(E('I) Member
('ountries, 1%€7 7-75', ()ECD. Paris 197t), p. 32.

Note: Figures on R & I). particularly international comparisons. are always
qualilied because of methodological difticulties. For full details consult the source.
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lany other areas not accounted for in the electrical groups. such as in aerospace
and machinery. are heavily based on electronics and considerable R & D efforts arc
undertaken. In addition, production support. in-company training. management
de~elopmcnt. and other items which are part of the "technological environnent arc
not accounted for. although they may have a significant impact on results.

For instance, it has been consistently argued that Japanese innovati, e
capacity is as much related to R & D efforts its to management style. particularl.
in relation to quality control and 'vero defects' plrogramnes with shop floor
participation. Japanese R & D ellorts are modest bN comparison to other OECID
countries, but necerthelcs, produce \cry substantial results. Additional weight is
given to the **technnological environment" argument and the socio-cultural con-
ditions for innovation when one considers that the USSR is the second biggest R
& 1) ,pender and cnploy,, the greatest number of ,cicntists and engineers, but
has considerable ditficulties inl commercialising innovations on the home market
let alone compete in tile international one.

Military budgets are also crucial and not necessarily accounted for in R & D
budgets given due, for instance, to disclosure rules in countries such as the USA

(the Io-K form). Militar ex penditure was important to the initial stage of the
industr - (more as, a market rather than in R & D projects). Although this
expenditure had declined in the 70ts. this is no longer true. Today. only 7 per cent

of the integrated circuits are destined to the military market in the USA. against
70h per cent in 1905, Ncvcrtheless. an increasing percentage of the research budget
of the tS. Department of )efense will io to electronics, from about 37 per cent
in 1979 to 46 per cent in 198). "lhe budget of the Department of Defense is the
most important of the U.S. Federal budget, followed by NASA and the Depart-
ment of Energy.

Already a substantial $250 million program for VHSIC (Very High Speed
Integrated C'ircuits) has been launched by the Department of Defcnse with
expected results by 1986. The aim is to produce circuits IMt times more powerful
than those available today. The first contract has been signed with IBM (Mouy,
1980). Adding to this support about three-quarters of NASA's budget of about
$5,){ millions is spent on R & D. Between 1961 and 1975 about half of the
patents commercialized is a result of NASA contracts were in the electrical
machinery category (including computers) and the item electronic components
ligures as the single most important item in terms of patents commercialized
(Hertzfeld. 1980).

Since 1975 (the date shown in Table I) governments have increased their
support to the electronic industry. In addition to the case of the USA which has
been described above. a quick run down shows the following (figures at current
exchange rates). JMackinfosh Consultants. 1074: General Technologies System,
Ltd. 1979)

Japan
1971-19t79 US$1658.3 million of government financial support to the information

industry as a whole, including computer industry (hard and software).
technical systems for public welfare, and preferential loans.
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Federal Republic of Germany
1979-1981 US$552 million from the Federal Ministry of Research and

Development.
1975-1979 US$37.5 million in the area of Very Large Scale Integration--lSI.

United Kingdom
1978- US$150 million IC industry support

US$I00 million INMOS
US$155 million Applications
US$ 50 million Education
US$ 75 million Retraining

Total US$49(I million*
(* Not totally committed)

1981- US$430 million Support of ICI.

Italy
1977-1981 US$0) million direct grants

US$28I million low-interest loans
LIS$250 million in increased government expenditure

Total US$1.13) million'
(* Not totally conmited)

France
197t9-1984 US$144 million for the support of the iW industry

The figures do not refer of course to total expenditure. They only indicate
direct support to the industry, specifically in the area of components. Further-
more. they are part of a comprehensive strategv in the field of electronics and
informatics.

In addition to these national ellorts, the -'" is investing LJS$-0A million to
increase the Community's share in the world production of integrated circuits
from the current 6 per cent to 12 per cent in 1984-85. (Commission des
Communaut3s Europ~iennes, 1980t).

Private sector investment in R & l) is equally if not more important. depending
on the countries. Table 2 shows the situation up to 1975.

Around 1975, R & D efforts accelerated in electronics due to fast tech-

nological change and keen competition. Thus, the ten most important U.S.
independent semiconductor companies (i.e. those companies selling on the open
market) have more than doubled their R & I) hudgels, from over IJS$2ttt million
in 1975 to over US$500 million in 1980 (estimated). These figures include
expenditures by the companies and exclude programmes from outside Contractors
such as the U.S. Government (Business Week, 1977; jbid. 1978: ibid. 1979).
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Table 2. Percentage Sources of Funds for R & Din the Electrical Group (Including
Computers) 1975

Private (hwernment Abroad 'I otal

Japan 9- 1IW

FR(i S4 14 2 1t)
United States 02 38 - INO
France 5 14) 12 11W0
United Kingdomn 47 44 U

Source: As for hblc 1.

For the Japanese industN as a w.hole. R & D expenditures in integrated circuitr\
grew from about US$ I) million in 19'74 to US$20)) million in l197S. The amount of
people working in the field increased from 3.8W) to 5.3))) ill the same period. (B.A.
Asia Ltd., 1980)).

An element which I have not considered here. cssentiall\ because of lack vf
data, is investment in basic scientific research which is becoming increasingly
important to maintain the lead in electronics.

CAPITAL INVESTMENT

TtLE Nt-XT ('RCIAI Fl ENiFNI ill generating ads antages in electronics is capital
investment. Electronics can no longer be seent as a labour-intensive. low-capital
investment, except in some assembly operations which are becoming less im-
portant as the industry reaches for global markets and economies of scale. The
graph below provides an illustration of current trends in semiconductors (see
Figure I).

It is acknowledged today that a minimum fabrication facility. 'I order to be
truly competitive, will cost about US$ 3(1 million and will need approximately TS$
40) million of output per year. These figures do not consider R & I). marketing
and so on. (Heikes, 1980).

The combined effect of growing R & D and capital expenses has resulted in
business and thus technological concentration. Most of the pioneers of the
semiconductor industries have been obliged to sell all or part of their companies
to finance necessary growth. The usual corporate means to raise funds through
public stock offering or internal profits were not adequate. For all its innovation
and growth, the industry's cash generative levels are not sufficient to pay for its
next generation developments, particularly considering the risks involved. In fact.
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Figure 1. Capital expenditure by semiconductor manufacturers
(USA and Japan)

S nililions
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1974 1975 1976 1977 1978 1979 1980

-USA *5main companies **9 main companies.
.. JAPAN Integrated Circuitry equipment investment

(All producers).
J-APAN Plant and equipment: 9 main producers.

Source: For the USA: Li. M. (1979). The Electronic Industry-How the investment
Banker sees it. Financial Times Conference: Tomorrow in World Electronics.
March. p. 76-77 and Business Week (19R4)). July 21. p. 189.

For Japan: BA Asia Ltd. (1980)).
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the rate of profit in the industry has diminished through at continuation of growing
cost, fierce competition and Uncertainties abhout the production process. parti-
cularly with regard to yields per wafer.

As a rule oif thumb, it would seem that the lower the prices, the less likelk
that non-v<ertically integrated companies can compete. This, of course. is not

US Sernictinductor firms-Acquisitions and Independent Companies

Integratcd
(ircuitr%

I. lesas Iristrunients 680) Dis sm oif TT1 Inc.
2. otorola 45 Di% isiwn 'of Motorola Inc-
3Intel -4 K) Independent

4. Natin al Scm ict induct ir I2 1ndepeniident
5Fairchild 311S Acquired h% Schiumberkwr

0. Signeties -250 Acquired lls Philips
"Ad%. Mlicro IDe~ice, It N Acquired l-, Siemnens 12)) percent)

S. Mostck I5 Acquired fis Unit. Technoloicics
1) RC A 145 Diiision (if RCA

10). Intersil 140) :cqu'd 11% Gen. Electric No)rthern
Telecom

I I , I larri s 100) tV.1is i 0i ol I ri Corp.
12. Amierican Micro) Svsteni I Acqu'd h)N R. Bosch GmbH

(25 per cent)
I3 Rockwell Semiconductor, S Di% . of Rocks cli Intern.
14. General Inst runmerits 8 tivi in "f OT [ti.1
I1i. S- nertek Sn Acqud 11% lonec ssell
1 6. Analog Devices 44 Acqu'd 11% Staindard 011i
17. Monolithic Memrories 35 Accqu'd h% Noirthern leleco)i
18. Silieonis 30 ,\cqu'd 11% I ica i Indlistries

Flectronk' Eneineers
19. Solid State Scientific 22A11 sI )0AotSuiln
20). Databit 10) Acqu d b% Siemens
21. Zitog IS Acqu'd h\ Esxoit
22. Microwave Semiiconductors - Acqu'd b\ Siemens
23. L-itronix Acqu'd b\x Siemnens
24. Unitrode - Acqu d fix Schlufierger
25. Electronic Arrayvs - *Acqu'd Nippon Electric Coi
26. Spectronics Acqu'd byx Honieywell
27. tnterdesign - Acqu'd fix Ferranti
28. Micropower Systemns Acqu'd hy Seiko
29. Mos Technology - Acqu d fix C ommodore Intern.
31). Precision Monolithics - Acqu'd fix Bourns
31. Semntech - Acqu d fix Signait Co.
32. Western D~igital - Acqu'd hv Emerson Electric
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necessarilv applicable when processes rather than products chang. Business
concentration could on the other hand. lead to the creation of market niches due
to the loss of flexibility of larger units. This proposition is b\ no neians a clear-cut
one inasmuch as one of the features of current changes is the po'tential for fle\iblc
manufacturing systems able to "individualise" products within the samc produc-
tion line.

The abo\e-mentioned trend can be clearly seen in the list of acquisitionos . I'S
firms bv I.S. European and Japanese corporations (scc p. 2((q.

This concentration h as important implications for de hlpin!g countries in
ternis of transfer of technology.Today. advanced electronic tech nohog\,- -ninl1\ concentrated in UT.S. and

Japanese firms-is obtainable for thc nmost part onl\ through co-productioi,. joint

ventures. and cross-licensing, althoughl more than Mne channel is g-enerall\ used.
Joint ventures have been extensively Used 11% countries w-hich were laggaing. lehind

in technology (e.g. France and the UK) while other,. uch as Japan. hale nainh
used cross-licensing, as the,' were alread\ at a more ad\anced state.

Experience has shown that transfer of advanced electronic technolog\ to
developing countries rarel, takes place (Kim. I 9,51. The crucial tech nolocies arc
in the design of circuits and wafer fabrication and this section of the industry will
remain in the advanced countries for the foreseeable future with a few notab!
exceptions in the lower end of the market. There are scxeral reasons for this:

(a) The high capital investment in\ol\cd in design and w\ afer fabrication makes
manufacturers hesitant to transfer this process to a developine country.
Wafer fabrication, which is a batch production. is vencrallx centraliied to
justify economies of scale.

(b) The need to maintain a close relation:hip between R & [). production
and marketing.

(c) Maintenance of quality which is felt could not be obtained in ofishore
installations.

(d) Decreasing importance of labour cost as the industry becomes more
dependent on capital equipment. R & ). marketing and managerial
skills.

TECHNOIO(; V

UNDERI YING T-|E TRENDS in terms of R & D. capital investment, and technology
transfer are the trends in the technology itself which condition the entire structure
of the industry. Three elements are of great importance here vis 'i \is developing
countries. All three are closely interconnected.
(I) Increasing levels of integration transfer value-added in a tumber of electronic

and other products to the manufacture of components.
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(2) 'The growing enhodiment of technology due t) the lh,,l of integration and

trends in software.
13) The erosion of the relatie impoirtance of low'-Iaboutr cost due it) automatio n

and integration.
The replacement of mechanical. electromechanical, older electronics and

other types of components b' integrated circuits. microprocessors and micro-
computers has sharply altered the production processcs and products.

The alteration of products has an important consequence: the transfer of a
greater part of the value added to the component manufacturer. This happens
because the electronic component becomes a much more important part of the
product. This is most applicable to mass-produced 'chips' which contain a stan-
dard program (e.g. TV games), but increasingly the value added will depend on
the application, i.e. how the circuits are put to work. The cost of integrated
circuitry for a watch or a TV is decreasing rapidly: design, quality and flexibility
will increasingly become the areas where most of the value added will be created.
coupled with the capacity to design systems (e.g. home entertainment systems
integrating audio, video and games with memory capacity).

Traditionally. the manufacturing process could be simplified schematically as
the production of materials into components followed by their assembly into
sub-systems which in turn are assembled into products. The final stage is testine.
and sales.

In general, the later the phase the more labour intensive the process
becomes.

The use of microelectronics somehow reverses the process as the use of the
integrated circuits allows sub-systems and component assembly to be replaced by
component manufacturing and the final stage of product assembly becomes the
assembly of components. The manufacturing of components is becoming less and
less labour intensive as automation takes over.

The following simplified schematic view compares the old N!. :-lure and tb,"
emerging one (Figure 2).

As the semiconductor industry pushes towards higher oc ,. -. of integra!ion
(10" elements per chips is on the horizon) it will find itself in the computicr area
forcing the end-equipment manufacturer to be concerned mainly with the soft-
ware of particular applications and human-nachine interface. This is because hi-ti
equipment. car electronics, radio. TV, telecommunications, controls. etc.. will
ultimately be designed around some type of computer as most functions will be
digitalised.

The software and human-machine interface areas are where sonic developing
countries could play an important role, provided they possess a degree of
specialisation and forceful government policy. It must be understood, however.
that an important level of dependency will continue to exist at the component
level. This should encourage developing countries to pool resources in order to
reach economies of scale on a regional basis, even at the software level. Software
is a complex skill, but at the same time remains an extremely labour-intensive
activity which demands close contact with the end-user for most applications.
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Fig. 2. Participation of the components sector in the manufacturing of
equipment
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The embodiment of technology takes place b\ further integration of com-
ponents and b\ current trends in soft%,arc. TodaN. the electronic \watch is
essentially composed of five parts (battery. quartz crystal. LED. integrated circuit
and case), which carr' out the functions performed before by doIenS of parts. Thc
esamples are man;. TV sets. hi-fi equipment, lachine tools. sewing machines.
cameras. etc. In the case of machine tools, the future will see the corn-
Smerciali/ation of machinery packages. of which the hardware will be only part of
a total svsteml.

In the case of software, the trends are already discernable. At the hardware
level, the main technological emphasis of the 1970s was on increasing the number
of components per chip. In the future it will be to extend this integration to the
system level and this of necessity includes software (see Figure 2). This means
moving the software back to the hardware, where it first started. Software that
cannot be incorporated into hardware will become more modular and transport-
able. Products will become more user-oriented rather than designer-oriented.

Some time will pass before this trend fully materialises. hut the movement is
in that direction. Thus component manufacturers are striving to sell systems
(rather than components) and systems vendors, whether they are sophisticated
software houses or non-vertically integrated computer manufacturers. are
attempting to manufacture components or design and assemble their own boards.



This trend is only natural since hardware (components) represents a decreas-
ing p-ercentage of total system cost and thus at diminishing source of revenucs. Tablc 3
illustrates the trend.

Table 3. Percentage of Large Microcomnputer Ss stem Cost

Software Softmare
Hardware D~e% lopiuent Maintenance

1070 5 24 2
1975 4 '5 30 2.
1080 3S 33 32
1I98i(F) 30 353

Source: CreatiN e Straitegies Intern. (I 1)1

F-or a complete stand-alone mlicrocomnputer system) (CPU -CRT+mi-
floppy disk tprinter) selling from US$111111 to 19It lMtf ItI. the cost of component,,
before assemll 'vinto at microcomputer hoard wkould he hetwkecn US$Ii2-US$l 121.
while the assemhlcd board would he worth IJS$2'50-US$ 1.11111 (('reatis e Strategies
Intern. 1981). These elements are pushing the industrN into fu. her %crtical
integration, inter-links and embodiment of techniology.

OFFSHORE INSTALLATIONS AND LABOUR COST

AN01HUR t\01IPON Cv~ ONSIIDtRA~TON is the erosion of the impoKrtance of low labour
cost in the assemhling process of components. products and systems.

Although this cluestioll goes far heyond the electronic industrN and covers
much of the manufacturing. I shall limit nivself to the electronic sector and] the use
of offshore installations (i.e. foreign subsidiaries).

Offshore installations were initially created to make use of low-labour costs
part icularly for the assembling and testing of electronics components and later on
for products. The use of these installations and their role in company strategies
%aries greatly. depending upon the position in the industry as well ats nationality.
Thus. U.S. firms are enicouraged to use offshore installations because custom
regulations tax only value added abroad. Japanese companies have used them
mainly to supply local firms (national or transnationals) rather than to export to
Japan'.

Fromt the point of view of some developing countries. this was seen ats an
opportunity to create employm-ent, increase exports and obtain some technology.
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An illustrative ease is the Republic of Korea, which has enjo ed spectacular
growth of the electronics industry and has been regarded by some as a model to
be followed by other developing countries. South Korea has relied hearih on
imported technology tied to foreign investment and has been criticised on a
number of occasions precisely because of the vulnerability of its economy to
outside decisions, particularly in relation to the type of technologx. its domestic
diffusion, and product cycle (f foreign investment.

In 1972 Korea exported 1JS$177 and imported ISS142 million worth of
electronic goods. By 1978 exports were up to US$1.386 million and imports to
US$1. 4444 million. Of total exports. components represented liSS 14 million or 4-4
per cent (integrated circuits 27 per cent. semi-conductor de% ices 0 per cent and other
parts 11 per cent) (Electronic Industries Association of Korea. 1 97().

The above would seem to imply that the industrN is particulark v ilnerable to
changes in the conponent sector. The Chairman of the Electronics Industrx

Association of Korea hits spoken about the situation of the industr in 198( with a,
"tone of despair rather than hope" due to the speed of technological dcxClop-
ment. lack of technology transfer, ad severe cometition in the internatinalI market wvhich makes it diflicult to obltain a market share o>f high-technoe

products (Kim. 19840).
Although the above makes reference to at specific situation. it is also

applicable to the electronics industries of the dc\ eloping countries a, a whole. JThe
fact that most products are becoming highly technically oriented in electronic!, is
due to the characteristics of the component. Those products which remain labour
intensive in their assembly have been di\ested of an important part of their \alue
added due to the change in components. This is the case. for instance. of
television sets where the number of parts has been halved since 1970 because of
the use of more sophisticated components which iouslv eliminate manl\

assemblN' operations.
This hits permitted automation to it level never achieved before and in

addition TV sets in the developed count ries are produced in large quantities. As a

result, "the manufacturing cost of t TV set in Korea and that of the LS.S. are no.
practically comparable with each other. Rapid advancemenlt of industrial lech-
noloey is elininating labour-intensive portion,, of thc electronic industrx this
tends to make it harder for Korea to eall enough foreign currenc\ to import

expensive new technology" (Kini. op. cit.).
The continued use of offshore installations xvill depend \er\ much on ss hat

type of product is manufactured. Thus. for those products wvhere the selling price
and margin are low. the assembly time long and the relative weight of labour in
the product high, off-shore installations will be maintained for some time.
H-lowever. in those cases where the product incorporates expensi\e raw materials.
is produced in long series, and hits at short assembht time. it may be profitable to
repatriate the installations in the Far East. With autotlation and robotics, the cost
of investment and exploitation remains basically the same. regardless of location
(d'Argoeures. 19,40).

in the case of semicotnductor components. there is a growing agreement in
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the industr that further substantial insestment inl offshore installations cannot bc
justified. The essential reason again is the automration of the testing and assern-
hliung process. However. some offshore assemblv inxestment is taking place. (c.g.
Motorola is in'esting 1I.S$4(I million in Sri l.anka). Because the lead time ftr
huilding highl.-auttmated capital-intensive plants is ver long. continued use of
offshore installations ensures i supply of some components. vhich are scarce in
the international market. Increased salaries in Southeast Asia are als Itfrcintg
some companies to search for difterent locations, while those staying in countric,
such as Singapore are increasing automation of assembls (Eng long. 1977).

The strategies of each manufacturer are different and are constant I heine
modified due to the characteristics of the industix. [or Japanese producers the use
of otfshore plants represents only about IM per cell of prodUctioll and ill somlC
areas is declining (discrete semiconductors). Japanese automated bonding equip-
ment represents a labour ctjiciency factor (in terms of people) of perhaps ten t,
one. [his has helped to compensate for growing salaries in Japan. Another factor
tof equal importance to Japanese producers is the concern for qualitf which the\
feel cannot be maintained through the use of olTshore installations (HA Asia I Id.
I 980 I).

This element is growing in importance and .%ill force other producers it

f lIt w similar ctnsideratitns. Part of the explanation ftor the Japanese senictm-
ductor producer's rapid penetratito of the . S market can be fttnd in the
quality of their product. Thus a test run bV Hewlett-Packard on 3I00IH1 random
access memories (RANM) front three Japanese and three American companies
showed the .lapanese integrated circuits to have ctnsistent[y less defects. Not one
device from Japan failed on inspection of incoming nem, parts. whereas the failure
rate for LIS companies ranged from 0.11 to (0.19) per cent. In held otperations.
Japanese chips showed failures at rates from (.0t1 to 1.l)I'4 per cent. while the rates
for American firms were (.Oi9 to (1.267 per cent (Science. I1980().

Japanese firn-s attain higher quality bv a ver high degree of automation and
a managerial system which involves shop floor workers in qLullity control methods.
particularly the widespread use of "zero defect'' gioups.

In the case of other producers such as ITT Semiconductors, the assessment is
the following:

"''he relative advantages of increased nlechani/atitn %ersus otflshtore as.ent-
bly are reviewed next and the conclusion comes down tirnlf, in favour of the
former, permitting closer customer contact. elimination of logistics prtoblemis.
and upgrading of local or national technotlog., without which complete
business transfer to low labour cost areas will occur. The conclusion is that
the successful European seniconductoTr manufacturer must have complete
production cycle in one manufacturing location. worldwide marketing, fast
introduction and close co-operation with end user industries, e.g. computer.
entertainment. teleconmutnications and auttuiotive.' (Roessle. 1979),

)ther assessment coincides particularly because of increasing capital cost
((rnieux. 1980().
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There are three main reasons, however, why a massive repatriation of
offshore assembly in this sector is unlikely in the medium term. although the
amount of investment is and will diminish further while new plants will be set up
in the OFCD area. First, under financial stress companies prefer to maintain
offshore installations and invest at a slower pace in new plants. At the same rime.
there are supply problems which extend the life-expectancy of the ofTshore
installations. What happens is that reduced savings and profit is iot necessaril\ a
loss and, although profit levcls may not justify a considerable new investnent.
neither do the reduction of profits justify repatriation. Second, labour legislation
in offshore locations often permit terms of emiplovnient that are not tolerated in
the developed countries. This is especially important for firms which are cr%
sensitive to drop, in denand. An illustrative example is the retrenchment in
Singapore durig 1974-75 recession, where for the electronic industry as a whole
there was a decline of 25 per cent to 30 per cent of the total labour force. -our
inaior I se iicnionductor companies laid off al most 5.000 II workers in about (i
months (Eng Fong. I)77).

Third. there is great pressure b% the governments of Southeast Asia to
maintain facilities and up-grade technology. Direct government intervention and
guarantees are an important element and explain. for instance, the agreenment
between Americai Micro Systeiis and Gold Star of South Korea, which coutd
centuallk allo% the joint conipanv (Gold Star Microsystems Inc.) to compete in
portions of the seriiconductor market in the Korean and Southeast Asian market.

For other sectors (if the industry, such as supplier, of equipment, crystals.
chenicals and so on, there is no question that they will remain in the high
technology areas.

The overall conclusion from tie trends described is that there is a rapid
erosion of the comiparative advantage of developing countries in the electronic
field due to a large extent to rapid technological change.

The main problem here is that we are not talking about an isolated tech-
nology or industry but about an all-pervasive. cmirc 'r.'l c indust r -it ba,,ic
industry of the future.

PARTICIPATION OF I)VEI%..()PIN(; COUNTRIES IN THE
PROCESS OF *INF(RNIATISATIN"

ONV M i is -s i the relative level of participation of de eloping countries ii
the process of "informatisation" in order to assess how this process will affect
them and what their absorption capacity will be. Tables 4. 5 and tI ,irse a
purely quantitative picture and do not account for the incorporation of electronics
into items such as transport equipment or machine tools which are internationalls
traded under specific categories.
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There are two important aspects which can be derived from this purelh
quantitative check. First, the participation of developing countries in "'in-
formatisation- (components, computers and telecommunications) is indeed .erN
small. Second. as time passes the gap in amount of investment in these fields
widens. The samne is true for market share in production of microproces-
sors/microcomputers, chips. boards and systemns.

An additional element which I shall mention in passing is the question of the
relative skill endowmnent of the developing countries.

()n the human resource side, it is suticient to say for instance that Korea had
0.4 researchers per 10(,( of the population in 1978, compared to 2.6 and 2.4 in
I1977 for the [.S. and Japan. respectively. Expenditure in R & I) per researcher is
about $21.500 in Korea. compared to $47.5N) in Japan and $80.680 ill the U.S.
(Kim, 1980NI).

I take Korea as an example not because it is a -typical- developing country
(if such i thing exists), but because it has been acknowledged as an ..electronic
miracle-, a "Japan in the making" and belongs to the NICs catcegory.

[he diffusion of information technology in developing countries resembles
the general pattern followed by the West, but has its own characteristics. The
most visible aspect of this difTusion i-, the growing use of computers,. but other
types of 'intelligent' equipment are being introduced through trade.

There are several kinds of practical factors that condition diffusion and act its
brake,. One important faCtor is labouT cOIS. particularly in direct application of
computers for conventional procedures. The low cost of labour make,, the
equipment less competitive and amortisation takes longer. The lack of stana-
dardisation ini a number of activities and of modern managerial practices ha,
made software requirements more demanding and. therefore, the total cost of
installations more expensive than the, would have been otherwise. "'Software
packages", even in the banking sector. are difficult to implement. This situation
has led, paradoxically, to well-developed software applications in sonic countries.
Additionally. companies need to spread the costs of infrastructure. service. and
operations over relatively few pieces of equipment which also contributes to
increased costs (Rada. 1980).

The single most important factor concerning diffusion of the technology is
undoubtedly government action in a wide range of fields, from imports. tele-
communications, and transfer of technology policy to industrial ,trategy. An
increasing number of countries have adopted centralised systems to process
import requests, monitor applications and purchase equipment for government
needs. These types of nica.ures cover data processing equipment especiallh. and

do not affect other types of electronic or *'intelligent" devices. The sittlation itn
each country varies considerably.



EMPLOVNIENT

111 ii I\ii1'i I ~ Ii I I I( Is ot intiniationi techltttg, hax e been atl the ctre (tithe
cu rrenlt debate a b tnt its impactd in dlex citped counitie s.

The short and long terin effects in dcx eloping countries are different due to
he structure of iiidust ri i.nd serv ices. the dcx clopnient of information technolo o

Creates jobs at the mnulfalcturing a !nd eid-user lcx el h% allo\% ing the produeWtitil UOt

11C%1. eluipment11 and dex e01imt ot ,crvies. Phe inph xinenl created iii
manuLfalcturing. aissenibix peiriphls11 anfd relatedC 111idistrieN is onIx %alid in ecrx
lewk develotpinig countries %%here iii st 01' the eq u i pIne it iild a niiia\ rx'e tods ire
1t pot t d . TIh us. ti0 0 compe sat i t effect takes plalce wit Iiin tilie liat naio cUlitiloM

In tilie use of eqJuipnient niati studies exist w~hich refer to direct ct itput ei
utilisaition which affect,, at ver sitiali proportiron thfie totall labhour force itild cani
on ly se rve as ai general i ndicator of po ssible cx cit pmnt ts. (Init eriiat itonal LIabou r
Office. I 972 Govern meniit of In di a. 1972 lrasad anitd e rut a. ]90)

Despite the qualifications, all tile studies mnitiioited agree ott the fact that
there is at toss of potential emploxnint which wvill haw\ differeint effects, iii
dcv elopitig countries with high uneniploitictt rates and growi nt educalted u n -
emiploymient.

More important in teriiis tif emploviment are the genieral dcxeloplnieitt
prospects in the light oif what one might call the "external effects,*. i.e. the
conditioning of d evelopintg counitries' possibilities dIue to the technological push of
the advanced countries. such ats the erosioni of comnparative advantages.

Some iiidustries will choose dexelopinig countries ats sites for establishitig
industries based on the tie" technologv. The Lcecisiot \%ill be based less on loxw
!abour cost than on ft\ advantages, lack of labhour resistance. lowecr start -up costs
and cheaper eapital.

It is doubtful, however, that this typei of mioderin inistallat ion xvi II create
signifieant emnploynient or contribute to tilie general development of' the econornix
iniasm uch as the diffiusi on oif miiertoe lect ron ics iil decciopi n cont iiri es %% ill renta in at
sophisticated techtiology' for most products arid processes.

At the samne tulle, the use Of tile technology h\ developing countries will
widen the gap betweeti technology Wid its a~pplicattion, bcaiuse entire processes
will have to be imported on a1 turiikey' basis. The tiet result could be islands oft
high-tech nology withiii economies characterised by It w-productivitv aitd artisaital
practices. This dichotomy and the link betweeii the txvo areas represents one oif
the existing diletimas of industrialisation.

Fir sonic developing etount ries the comibinatiot iof high technoltogy iid] low%
labour cost, particularly of educated labour, could be one of the tipportunities to
develop ii emibryonic informatic indlustry iid] create employment. What is of
ititerest for the purpose of tmieroeleetronics is the possibility oIf using it to enhance
these activities and thus the question tof software is crucial. This depends on the
coiuntrv's current eiidownient of software skills. its capacity to keep) stoftware
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specialists at home. The question of "brain drain" here should not be overh,,ked
since the recruitment policy of large hardware and software companies is as global
as all their other operations. Developed countries are alread\ sub-contracting
software development on developing countries. especialil for routines most
applicable to their conditions.

The development of the capabilities in this area will largely depend On public
polic, since in man' cases the purchase of skills outside the count, is more
economical than developing national skills.

C)NCILUSIONS

U('RRINI iCHAMNol St)t\I t i,&Sa ssnd the advent of a comprehensive inforiat ion

technology call for a re-conceptualisation of development strategies beyond mere

implementation of informatic policies. This re-conceptualization should consider
that informatics will profoundl. attect the productive infrastructure and the
international division of labour.

The process of informat isation is hlarrowing the policy options of developing
countries with regard to industrialisation: whether this is looked at from the
quantitative or qualitative side of the Linia Target. The latest estimates show that
) per cent of the industrial capacity of the world will he in the developing countries
b\ the \ear 2000. but this estimate does not consider the possible impact of
technological change. An interesting example of how options are narrowed is the
case of the electronics industry itself, particularly the componenl sector which is
becoming the "hea\ industry" of the future. The R & D capital requirements.

pace of technological change. and the nature of the changes imply that onh' total
\crticalh integrated companies will be able to compete and the\ will require
substantial public sector support to do so. directly or indirectly. At the same time
is the level of integration increases, so does the amiount of technology embodied

in hardware and softmvare. The assemirbly of diflerent functions is transferred to the
mantfacturer of components. decreasing the number of manual operations. while

increasing the possibilities and tlexibilit\' of autonlation.
These processes partly explain the fact that offshore installation, are becom-

ing less attractive. Although they have never been a good mechanism for the
transfer of technology. they created incentives for the development of local skills.
There has never been any question of transferring the highly technical stages of
production to developing countries and now even the assemblv operations are
being automated. Strategies vary considerably from company to company and this
explains, to a degree, the difterences in the use of offshore facilities.

Developing countries should consider the following three elements in
elaborating public policy towards the electronic industry (Rada. 198l ):
(1) Renew efforts in the area of science and technology, research and develop-
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ment. Trhey should not merely reproduce the etlorts of the devecloped countries,
bill base their actions on an assessment of long-term comiparati\e ad~ ant aecs.
The use of interactive links in this field could he of greal benctit.

(2) Search foir spcial i, Ci are as in the field of in f rmiatics, in ha rdw arc a ndl sott v arc
(market niches) rathei than attempt the dlevelopmen~t of the cnt ire "In-
form at ion front" Here reg~ionialI agreements and h ori/on ta I lin k,, are cq'peci all%
imrnItant. It is u n ukel v that with at purelyv national base at deve k pi ng c ut r.
would be able ito master the required capital. R & D). and humian resources, for
at stake amiong the giants. This is e~ en true at the software iec ci. %%here the
trends are towards systems which demand tailoring oif hardw\arc.

(0) At a national level adopt policies of s-iectivc application of the technoh p
bearing in miund the need to spread dleendecyI and rein foree long-tcrnri
possibilities. These elements should lie guidled by a clear assess"ment of
long-term comparative adivantages with the Understanding that the\ are man -
made and based onl science and technology.

This search of niecessity reqLuires at consideration Of aliernai\ e devellpment
strategies and styles and coneunl amrcopenseboof knO ICLI"C
to understandi the links between adianced and less adv~anced tech nolocics- This
covers not only the area of informatics but also ot other adi anIced tch noloizes.
such ats bio-technology and materials.

A final general consideration is that the developing countries shoui d c oke a
common science and technology strategy. geared to Their nieds and aspirat ion,.
fhis will allow themn to command and direct technoheical changce. rather than jlst
react to it with controls and half solutions.
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The Consequences of Microelectronics
,o for Employment and the International

Division of Labour

Oyind Kvale
tewut,, I ',,li (Irwp. Norwa\Y

INTRODUCTION

0t I~ I 10\I. s is ,e i thoe factors v hich lie behind the inpro-emnts in

ctticicn,\ and hanges in the production conditions of the% arious geographical areas.,

hut Is this article shoe. s. the emplh % ment coisequeiices of the new technoloeg are far

trorn t111111 i Lgllous.
It is important to realile that both the fate of the labour force and current

material standards of living are to a great extent determined by the economic

system. economic policy, and the power of the consumers-not by micro-
electronics.

It is illusor\ to believe that we can choose whether or not to make use of

microelectronics. To a limited extent, we can influence where and when. but the

introduction of microelectronics is a consequence of our economic system.
Microelectronics helps form the basis for new products, it makes production

processes more etlicient. and it provides the basis for an altered international
division of labour. Nevertheless. it is important to realize that microelectronics
only plays a subordinate role in the major processes of transformation which the

world is experiencing today. The most important factors behind the current

transformations are the increased amounts of know-how which a number of
countries have acquired. and the effects of changes in the price of oil.

An increased amount of know-how is an important prerequisite for establish-
ing traditional industrial production in a number of new industrialised countries.

222
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SVSTEM

is I (i \N s \%(w iR m ia nkind is, no t asked foir lit, o ptinion ahb(ont mien ie cronics--
\%h het it is dcsirabhI c or undesirabhle. 'I o some cstent. %k arc I;aced with the queston

of %%heni it "ill come and where. There are Itwo important reasons \%h\ micro-
elctronics "ill he introduced:

(I the initrodu~ctlin is, a consequenie ot a decenitralised Llccjsion-mriakiii structure,
(2) for tile older indus'trialisedI countircs. nijcicectronics, is important in order ito
Mmaita1inlte uneqlual distribution tit incomes tin thre \tmrld.

NMierowcltrnics-* Consequence of a Mveentralised IDccision-Nlaking Siructure

Ihle econxomic s~tr ,hich prex ails os er large part, of thre world toda\ is

characterised h\ at rclati~ely decent ralised decision-niaking structure. Econonlic
profits. income, and existing jobs are determined at a disaigeregatcd level. The power
of the market is considerable. The fact that both itncotme and sur i\val are closel\ tied
to the actitons taken bx a firmn. provides itncent ive for cotistatit l try rvi to Ml prove

producti iit\ . Nlicroelect roics cat ibe Used to inmprove existing productiotn processes
in order to lower costs, or it canl be used in radical innov ations of comlpletely ne%%
processes andl prodUCts. whlich, at first . are not very price sensitive.

lIn this case we have stated that the possibilitv' of increasing profits was the
most importatnt in1Cet1i%'C. buit even wvithout this m~otive. it is obv ious that it would
be difficult to tr\y to ignore the process oif change. E-cri if one does tlot undertake
anytihitng at all, the changes in etticienoy wvill tend to reslt1 inl lower prices. so that
those Who do not improve their ethiccy, will have declining profitability. These
hardpressed firms could avoid closing downi by gradually accepting at lowecr, or
maybe evnT1 a IegaltiveC Wage deCvelopmen~t. Everyotie knows that iti practice this
sort of strategy is extremely difficult to carry out.

However, the most important thitng is that product competition is oftert nlot
essentially a question of prices. The primryn factor inmolved in the choice of a
method of production is often the visual aind qualitative demands which are
placed oin the finished product.

Mlicroelectroniics. and] especially the tuiniatuirisatiori w.hich it britngs about.
tiaturallNy gives rise to a number of niew% products. Moreover, microelectronics will
allow many' traditional goods to hec simplified and] improved so that prex ious
products; are displaced. If we refuse to accept microelectronics iii either consunmer
goods or production equiipmnltt. the spectrumniof products which we can produce
will become narrower and narrower. We should( also keep in mind that the
successful introduction of microelectronics in the Nulirable sectors wkill often
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indicate things which will be repeated in the protected Sectors. There will often be
a great deal of competition in individual areas within the protected industries.
Moreoer. %-e often sec that the authorities and large interest organisations will
promote initiatikes to make these industries more etficient. I-ow efliciency here
could easily result in high costs for the \ulnerable branches.

Microw ectronics--A Consequence of the desire to maintain
the gap beteen the Rich and Poor Countries

('hanging conditions in the international division of labour will be a threat to the
unequal income distribution which has prex ailed up to l now. Older industrialised
countries can no longer be certain that in the future the\ will still be able to exchange
at few of their mani-hours for nan from other countries.

To conditions, are eSpeciall\ important inl explaining the structural changes
it producti l and inlcome distribution between the \arious countries:

A number oif raw materials which pre\iousl, were casil\ accessible and
inexpensive have become scarce and expensive.
Technological knowledge is spreading over the entire planet. The recently
industrialised countries are the result of a higher level of education and more
fa\ourable national economic conditions.
Western Europe and the LISA have previously attained high levels (if income

and consumption by purchasing inexpensive raw materials from underde% eloped
countries, refining these materials in their own countries, and re-exporting soie if
the finished products back to the underdeveloped countries. Their high standard of
living was a result of high efficiency and favourable trading term,,.

In recent years the development in this traditional price pattern has followed
at different course-at number of raw materials have become scarce and expensive.
In particular, it is the oil rich countries that can now exchange onkl a lfcv of their
owen malnhours for nany from other countries.

The advent of the new industrialised countries means that the value added
for traditional industrial production will tend ,.) decrease. A lower wage level and
high efficiency in some parts of industr- have put pressure on the price of a great
number of traditional finished products.

The traditional view of the structure of world trade is that the under-
developed countries are only qualified to produce traditionally labour intensive
products. In recent years the growth in global steel production stands otit as an
example that the new industrialised countries can also participate in new and
relatively capital intensive production (Figure I ). In the course if a few years. the
new industrial countries have more than doubled their share of global steel
production. Correspondingly, the old industrialised countries are losing their
traditional dominant grip on this ceconomic and strategically important sector.

in Europe, the attitude for the most part seems to be a belief that we can
uphold both income and employment levels. Iti some countries we find that
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Figure 1. The distribution of steel production
I't R( I."N I.-\t ()I

N NI)R I D I')( )D)I (I"MI I(NI\

",I \%, l ) \1l' 1/1 1) ( )1 " 1R] k '

I,' I \1)1 Ril I I ) 111| 1) 1 R l \ ilf

I\ I' I; I, ,." . ,J 1 I-

upholding the level of income clearly has the highest priority. Two strategies are
often tried:

General efficiency improvements in order to reduce the effects on private
incomes of the redistribution of incomes which is funneling greater wealth to
the producers of raw materials.
An attempt to utilise the high level of education/knowledge in various
countries to instigate radical product innovation and the production of special
products to a greater extent. and at the same time concentrate less on
working with standardised products and production processes. Products
which are unique and production processes which few have mastered are
much less price sensitive, so that there is little competition from the new
industrialised countries, at the same time as the absence of price sensitivity
results in a neutralisation of the increases in prices of raw materials.
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It is obvious that both points make it very difficult for these countries to
reject either the introduction of microelectronics or many of the structural
changes that have to come. In the struggle to maintain a high income level in the
old industrialised countries, both employer and employees have common inter-
ests. These interests become clearly apparent in the pressure for growth in real
disposable income.

In the structural transformation which is now occurring, large transfers of
technology are being made to industries in underdeveloped countries. The OUED
countries are well paid for their informatitn intensive industries. which are
performing development work when production information is transferred to
underdeveloped countries.

For underdeveloped countries the critical point will often be the transfer of
infornmation. Those who) arc in possession of this knowledge have a very strong
strategic xsition and a corresponding position of power. The pattern can be
clearly seen in the increasing number of joint ventures and daughter companies
between the OECD countries and the rest of the world. Such situations are and
will be major power problems for the authorities in underdeveloped countries.

The spread of technology is closely connected with the level of knowledge. In
almost all tof the underdeveloped countries. a noteworthy rise has occurred in the
level of education. A higher level of education permits more complicated produc-
tion processes.

The higher level of knowledge in the world makes it less important to
distinguish between labour intensive and capital intensive countries. The low wage
levels and. perhaps equally important, the relative absence of restrictions on the
exploitation of manpower and the environment are important competitive factors
in the underdeveloped countries.

We will see major changes in those products which arc labour intensive.
because new technology will radically change many production processes. In many
cases the most advanced technology, with microelectronics, will be so efficient that
there will be little or no possibility of using less capital intensive technology unless
One is willing to accept next to nothing in the way of wages.

The most important features of industry in underdeveloped countries that
produce for export will be production in large hatches and the fact that the
products are standardised, in other words, production processes which are easy to,
manage, but which will often be capital intensive with micrclectronics in-
corporated into the product and the product processes.

MICROELECTRONICS AND THE DEMAND FOR MANPOWER

Titus wi- HtAvIt o Fxt- t that the applicatioms of microelectronics will continue to
expand, because they are pro>moted by the econtmic system. What then %kill be the
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consequences of the fact that microelectronics brings about improvements in
efficiency? In a global context. ,wo possibilities arise:

The possibility of rationalisiig away mianpower.
The possibility of increasing production.
The question as to whether production will increase in stcp with the efficienc

increases is a question as to whether the potential producers can find a market for
their increased production.

When weak demand causes the production potential to be slack, this is not
necessarily a sign of a generally slackening demand for goods and services.
Assertions of this sort may seem downright comical to underdeveloped countries.
and even in industrialised countries they seem irrelevant. The demand for reduced
taxes and better health services indicates that there is also a strong desire for
greater consumption in these countries.

On the other hand, there may well be saturated consumption for some
individual goods, because production may become too great in relation to the
consumers' wants. This happens quite often when new products enter the market.
We can imagine, for example. that other countries might offer new goods so that
those which we have traditionally produced can no longer be sold. As a result, we
try to produce something which we do not want for ourselves. Without sonic sort
of readjustment. we run the risk of ending up uncompetitive as regards both price
and quality.

With a broader and broader spectrum of products and a steady renovation of
products, it becomes more and more difficult to judge what can be sold. Product

developers will need a lot of technical knowledge and will be situated to a greater
extent in the vicinity of their customers.

Since the need for goods and services apparently is present, the economic
policy becomes important in order to assure full employment. The nation-states
may well regulate the magnitude of their domestic demand, but the' are depcn-
dent on their trading partners when it comes to determining the level of foreign
demand. In this way a strong relationship of dependency develops between
different countries. If wc are to utilise all the available production capacity in the
world. then the total demand of all of the countries put together must be equal
to their total production capacity.

One of the major problems today is that some countries want to operate with
a surplus in their balance of trade. They want to produce more than they
consume. This can give them a feeling of greater freedom of action in the event
that something unexpected should happen. Sonic of these surplus countries also
have problems because extra increases in demand will create bottlenecks and
thereby inflation.

The trading nations that have a large deficit in their balance of trade are
forced on the defensive. They have to balance their foreign accounts with large
loans or foreign investments that create dependence and uncertainty. The result is
that the growth in demand for all countries becomes weaker than it should be.

In this perspective the new industrialised countries are not a threat to the
exports and employment of the older industrialised countries. All of the ncw
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industrialised countries utilise all of their export revenues for imports. On the
whole, these countries never provide the older industrialised countries with
balance of trade problems. As long as we have a low standard of living in the
underdeveloped countries, it is rather obvious that they will import an amount
which corresponds to the quantity which they are able to export to the older
industrialised countries. In this way they stimulate economic growth in the older
industrial countries.

The current remedy for problems of inflation and the balance of trade seems
to he a restrictive financial and monetary policy. Demand is reduced in the hope
that the participants in the economy will feel greater concern for their own jobs
and thus moderate their expectations of higher incomes, and at the same time the
cotntry's import bill is lowered. But if most people refuse to giVC tup their standard of
living, the result will be stagflation.

Development is directed towards easing the situation for manufacturer,, in the
hope of increasing the rate of innovation and casing structural transormations. lo
some extent these incentives may work, but social unrest, as a result of the
inequalities which arise, can rapidly eliminate the gains.

This strategy might possibly promote the international division of labour, but
it can only improve an individual country's balance of trade to the extent that that
country is more successful in this respect than its trading partners. As long as
every country's supply-side economic policy is equally successful, the problem,
with the balance of trade will remain. But improvements in efficiency can cause
domestic conflicts over distribution to abate because there is more to be dinided.

From this point of view, microelectronics will be a less important factor
contributing to unemployment. It is economic policy and society's ability to
re-organise that will determine the demand for manpower.

THE CONSUMER'S POWER IS THE FATE OF MANPOWER

Dtvil- o'NI-NT in the labour market, however, is also dependent on what happens
with the individual products. As consumers we have. to a great extent, real
freedom to choose what we will buy with our income. Therefore. in periods of
real growth in incomes, the private consumer will have decisive influence over
which production processes will expand and who will be unemployed.

If we compare the efficiency improvements in production which are brought
about by microelectronics with the income effects from the same efficienc
improvements, we can deduce the following structural changes:

If demand increases in correspondence with etficiencv of production. the
need for employees will remain constant. If we have increases in demand in
areas where the improvements in efficiency are also large, the employment
consequences will be small.
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The most serious situation arises if the elficiency improvements come In
sectors where the development in demand is weakest (e%en negative).
If microelectronics are introduced on a "'broad front" so that the elliciency
improvements are evenly divided, the consumers' behaviour alone \kill
dictate the employment consequences.

From the current discussion we can see that it may be incorrect to assert that
it will he disastrous for the microprocessor to automate or improve the ellicicncv
of work for completely new groups (in the tertiary sector for example). If the
consumption in these sectors (both public and private) is constantly in a state of
rapid growth. it is conceivable that efficiency improvements might be very
advantageous. Eliciency improvements can prevent the transformations between
sectors from proceeding as rapidly as they have done in the past.

In Figure 2. we can see how employment has been distributed between
primary, secondary, and tertiary sectors, as the income per capita has increased
(the average for the OECD-countries). The characteristic feature here is !he
primary sector's reduced significance and the corresponding growth in the tertiary
sector. The structural changes have been a consequence of low demand and large
increases in efficiency in the primary sector together with a reverse situation in the
tertiary sector. i.e. rapid growth in demand and sluggish increases in efliciencv. If

Figure 2. Structural changes between main sectors within a country
when income increases
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the etficiencv increases, in the tertiary sector had( been greater. the struictural
chatnges between the sectors would ha~e been less.

BEell though microelectronics canl hellp to uphold the demand [or mnanpowKer
within the main secto~r- of society. Sortie inldividual industries will tte~ertheless be
rutied. Miceroelectronics undoub tedl\- plays an import ant role as- at basis for new"
produets. If thle Consumer begins, to prefe r somet hing iick%, other p~roducers will be
left with af product which we. as' Consumer, no Ilnger Ant. In addition.
conttin uou s chianges will bie t a kinrg place wit hini the act u al procIt ion pro cesses.
Mlicroelect ronics w.ill promnote these t ranstormiat i ns.

It is not so easy to shift manpower o~er to thle types of production which are
fin demand. The emiployees who will have problems will c ar\ sonme\-hat according
to the type of transformation, but the most established (sociallk anl( d L'ographic-
ally). those who stand to lose social st attus. and those who have the least
pro fessiotial flexibility, are anion g the vuilnerable groups.

Studies in Norway indlicate that oif those who become unemnploixed. 10 -20)
pr' cent w\ill be pecrinalcntlN expelled fromt thle labour mare.11,

C'ONCLUJSIONS

f ill: VI'iT RF Microelectronics will be art important factor behind at continued
increase in efficiency and production potettial. If production increases miore
rapidly than the itncreases in etlicieticv. then thle demland for manpower will
increase.

There is undoubtedly af tremntous tneed for at higher tmaterial standard of
living throughout tuost of the worldr ]Fhe major obstacles, to increased growth in
world prodUction are the difficulties iniheretnt it tmaking structural transfor-
miations. The need for transformiations atnd the problems inivokved in carryitng
thetn out can be detected iti a low demnand for mianpowver. irtflation. and probletms
with the balance of trade

The forces which ar~currently protilotitig the demnitd for increased structural
transformations are tiot primarily microelectronics. Importanit drivitng forces
behind this pressure are altered conditions for the interniational divisioni of labour
and the changes int the international terms of trade. where the changes in oil

*1 prices are the domitiatit factor.
However. ' i~icroelectrotiics will increase structural transformiatiotis withini

established prodfuction processes and increase the access to products. These
changes call expose the people involved to at great deal of stress: nmail\ will not be
able to maintain their jobs. Seeti in isolation, this will result iii iniereased
unemployment.

Onl the other hatnd, microelectronics' capacity to make the service sectors
tmore ethicienit will decrease the t raditiornal structural chaniges between the tnair;
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sectors in the society. Moving manpower within the main sectors, e.g. the
secondary sector, probably involves less transformation stress than movements
from one sector to another. e.g. from the primary to the tertiary sector. The fact
that microelectronics' potential for efficiency improvements will affect most
workplaces may decrease the transformation problems for employees.
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MICROELECTRONICS REVISITED

%Il'R0F t1-('aR)NWs has been talked and written about so much that a special
explanation is required for a further talk about this ubiquitous subject. The word
ubiquitous provides the clue-for microelectronics is not only an ubiquitous
subject for discussion, it is indeed an all pervading technology. It is impossible to
ignore a technology which not onlv dominates telecommunications. computing.
automation, control and all forms of data processing, but also plays a major role
in domestic entertainment and is continually finding new applications.

The essence of microelectronics is that it can store and manipulate items of
information-be it words, numbers or measurements. The result of the manipu-
lation may be displayed, transmitted or used to control machinery or processes.
All these things were possible with the old type of electronics too. but micro-
electronics equipment occupies a fraction of the space previously required. use, a
fraction of the power. operates at enormous spCC. is capable of unbelicable
complexity and. above all else, is incredibly cheap. The com11bination of these
qualities has made the technology irresistible. To obtain so much capabilitN at
such a low price is enough to ensure ready customers for microelectronics and the
que,-ion of whether or not they need the new capabilities does not arise. If so
much is available for so little-everybody wants it, very few can resist.

Clearlv developing countries must ask themselves how they should deal with
this technology. In particular. they need to decide oin the ty'pe and extent of any
support to be given to the manufacture and/or use of nicroclectronics and (of
equipment using microclectronics.
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THE M1ANU'FACTIURE OF SEMICONDU'CTOR EL.E(TRONIC
COMPONENTS

Si \i1( )Ni~tI ciR HI vI ' O R MP( ONti ~I- Nis rane fromt tile rclatix cl\ simple diodc
rcclti1cr riuht up to thle cniormouslv compics \cr\ laruc scaic intccratcd. P SlI
ciricuit,, s u cl as tile mnost rcent mni r \ chips and icru pr ccsso rs . I h c dcsiil
anid iau~iifaiciirc of' Vl.SI circuits rcqluirc \cr\ lare-scale rcsourccs InI sCarce
cnizinccrini skills anid in capital. Lx ci sonic of the well estahlishcd leaders of the
ind'ustiv in thc LISA hax c rccntl\ run into cash tlo%% problcems and sold out to
firms with largecr fi nancial resources.

The nmicroelect ronic indust r is c\trcmclk compctitixc. vct linked h\
numcrous nctwxorks of pers~onal acqluaintanice and Of lIIicie arVcnICnts. Lx cn
giant firms cannot afford to dcvclop excrvthing front scratch and often arc contcnt

to sci-ve as seco1nd sourccs for sonic c01oponents. No tirm,, call mlanal!c xithoult
tilc Ilsc of soiiicbodv else's paitcnts and therc is a brisk traide inl licence,,. partly\ for
fecs and partkl as baric-.

iJkc all nManufacturc. onl]\ much nhirc -so. thc manufacture of micro-
clcct ronics is dcpendcnt ulpon a Multitudc of spcialiSt Suppliers Of goods anld
serxccs. fIn fact thc inldustrial svstenis showAs at wcb of interdependencies and
sNrgcl-tic relationships. 'tlcabsencc of' an cstcnisixc nctwork oif compctcnt
suppliers of goods and stcrxiccs within thc industrial sx stcms forms one of thc
izreat obstacles to industrial de% clopnicnt. lII the case of microelectronics. supplics
of cxtrcmicl\ plurc chcnmicals. cncap1sulati0InS, Wircs. microscopcs. furnaces, cleanl
rooilis. comiputer aidcd design and tcst facilitics. arc Just somec of thc dozciis of
itcms thc manufacturcer needs.

Bccause oif thc extrcmc sophistication. conipctitivcncss. dependence upon
scarcc skills, capital intcnsit\. 'and de~pendence upon svnIcrev . it Would tie sheer
foll for a sniall dec loping couiitrv to ti-v toi establish anl indigenous micro-
clectronic manufacturingz indusm -. To invecst in such ~ii cnt erpr-ise would be
tantamount to pumnping Tinicv down the river. The cost \%out(] be enormious. thc
chance oif success prettN close to nil.

A different and much more feasible strategyN is to invite a foreign manufac-
turer to establish a facility in the developing country concerned. The mianufac-
turer knows his technology and his markets and anyv investment is miuch moreT
likely to bring a return. Oii the other hand, the manufacturer is interested inl
Soi-called ofhrfaiiisolfrvey special reasons and under \mspeia
conditions. Availability oif a skilled, docile and cheap labour f(orce. (albeit only
(lute a1 small labouO~r force is required), tends toi be (inc attraction. Penetration of
new markets otherwise closed for poilitical reasons. axailability of grants, and ta\
incentives. atnd various other trade offs are further cotmmon incentives.

Whether the countr concerned has much to gain depends upon aI range (if

policies. If at substantial propoirtioin (if supplies can gradually be shifted to homec
manufacturers and if training (if native personnel is achieved, then thle piresenlce of
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a ,oreign manufacturer ilaN proxide some stimulus for the growth and de~cxlp-
nent of an industrial system. Very careful policies are required to achieve the
desired strengthening of the industrial infrastructure.

THE ELECTRONICS INDUSTRY

OU'riT- APARI FROM the manufacture of active semiconductor circuit elements. e.g.
rectifiers, transistors, microprocessors and memory chips. there are large in-
dustrial sectors making other parts of electronic Cquiplmntll and naking the
equipment itself. There is more, much much more. to making electronic equip-
ment than the manufacture of semiconductor components. To name hut a fess
products of the electronics industry which incorporate ,emiconductor circuit ele-
ments, we have telecommunications equipment. radio, television, home enter-
tainmient. computers. word processors. industrial measurement and Control
equipment. numerically controlled machine tools.

Some of the above industries are as complex as the microelectronics industr\
itself: others are relatively simple and can form an important item in the industrial
strategy of a developing country.

I There can be two main planks in a policy of building tip an electronics
industry. One is import substitution on items such as radios, electronic c(ntrol
equipment. electronic watches. etc. The other is to use ingenuity to put together
well designed original items, perhaps new% electronic to 'vs nefi measuring devices.
new electronic controls, or whatever, and attempt to capture an export market-
The beauty of electronics lies in the fact that ingenuity and cheap labour can add
very high \alue to imported components. The condition of success is. nill-

fortunately, a harsh one: the availability of first rate entrepreneurs with first rate
technical ideas.

Neither of the abo\e options is particularly easy and especially the latter is
preci-elv what every entrepreneur in technically developed countries, with all the
benefits of a complete industrial infrastructure. is trying to do.

This leaves the possibility of simply trying to attract electronic assenmbly work
from firms in adxanced countries. There are numerous examples of this happen-
ing, but how great a benefit it brings to the country concerned will largely depeid
on details of the agreement: for example. on whether the firm employs a
significant number of people. whether it gradually shifts to a domestic purchasing
policy and whether it provides training.

-- 4



USE OF MICROELECTIRONIC'S IN MANUFACTU-RING; INI)LSTR~ll

lIII VI MIi ',I of introdueiL1e1 ltIjcrelCCCttliCs nt 1 1 ilu l I nIHII IIII- dustr\ Is

Comll[\ and mul1 t i-factedtL. 1-ku ) uenon mustI be )11!.I L ICJle
( II W hat Call lflj e lcCtr*0liies do to jIld TlaiilutI'i tk 111L*,Il

(it im c an iiiic roe lectrni i e e iii ro d~k tiei
(m) W \hat etleci does the nciccllll110iio Il'e X C. 'l n'kill' Y IpI'\ 1 Alci Th

coptii ptositiolns.'

(1\ I H ow rclec ant is, the sperience (if deci' 'pcd oH't IsI' * . e4J~dlIne 'nc-s_

(Iearl\ no more than a sketch\. attempt at aills'.'Crmlwtficsc qtIICsa4411,lls .ii

miade here.
i Apart from piurely admnittrati jscN use, such a pa'.rofls. iii0'C111 OlIlld.~i.

hOokkeeirre._' ("which "ill be discused later,1 ll m ~iclecktronics fras se\ cr il tilni -

tions directi'. linked with the I1aifaIctUrinLe prNICCssI Ihe\ fllI hroAdl' Hit- fourI

keceping and diSpenising of stores, mrain tenlance sehekfU ling III process cont'lt''.r up:aItennietetofrdcin.e.shllii 4tefl'' f .L k

the measureme17Cnt and control of tenipeiratures. flo%%N.. curingL times . clro~ 41

I miXingL: C) dJeSien. e.g1. comp~uter aided desiLlr d1) contro'l oIf nrich Iller. -, c
1nmericall\ conitrolled miachine... prograrriir1bILIhandling IlLticlllllcs (r0Iobots

auLtomatIic transfer nmachines.
The range of' potential app lica cio ns is c lea r-'. %er. ircaft rarc fo er In1lie

relatively trivial introduction of a digital mnicromecter to replace aI Traditional o'lie

right IIp TO tire vastly comple\ introdUCtiot oIf at compu1.ter Conltrolledl tOllilted
produetiotn line.

(ii I The introduction of an'. new manufactuiring equipment into ain

established plant producing an established prodcIIt. req uires a cotnstellation o
circumnstanices.

Suich manufacturing innomation is tnormally carried out in responise to t he
identtification of at weakness in the chain of linked operations constituting the
manufaeturinrg systemns. A weakness may consist of Tnian diffe renlt Sn b- it i nra
conditions. IExamples are: labour productivity which is 'too low-at pre'.ailini!
wage rates-to aillow% competitiveC pricing (of the product;' una'.ailabilit\ of
required skills in the labour force: frequent breakdown-rs in unachitrerv: excessNi' c
energy consumlptionf: low uitilisation of raw mraterials. utisafe working condition.
inadequate quality of product. It is ob'.-iouslv at vital task oif mrairagemienit to)
tmotnitor the manuifact uring systemr contitnually iii Order to idenrtify w\eak litik,, in it.-

Once at weakniess has been idetiiied. soILutotis to the problemi miust be
sOurght. In sonic cases the appropriate solutiontri , a' cotrsist of the purchase-or
eveti devc~opnent-of new equipment. fit imair cases, such trew% equipmrent will

-' contain somne microelectrotiic componenits. 'Io quoite jist at smitplc example: thre
loading of at press for the mniufacture (of extruded mretal parts cairlbe at liaardoLIs
and uniipleasant occupat io n The sol t itin to the prob lemr tir aM contsist of inro ducintrg
better safety features oni the press anid perhaps providitig sonre noiise reducitig



facilities. O n tlie other hand. there Ina% be at case for purchasing a rcibcitc de% tee
which vtill carrN citit (he lcaint oiperaitiont;ttinai~l'

Which oif these soltionrs is ;ipprt)riiC inIa isenC sit uat ionl depends oil ia
mtt Iitu tde oif facto rs, such as, tire rcla Lilc co st if r lie t w sol uticons. the at bu ucla rice.
or scatrcit of cit Ia u r fo r lo adingtt presses til the Linie h and ori skilled I ab i r o
mit a in robo t ic itacl I nerv tin [ he oither . the spatial a v u t of the piresses and
adjawcnt rtiachifc% - ecss toi spare parts.

It is, oh icIuS froint esen this sinlgle simple examtiple that the appropriate
scolutionr to at Identified 11MaIttfactuiring %veak it ss de pentds LIponit it [lost if

ci rcu ist a rces-- a co n stellation ofit terdepenudenit factors.
Sirulark,. the sucssfuLil iple men tat ion if the identilied soliiut ion de penitds

uiponit a co nst ellat in cit ci rci st a ces D ecisions must hc in ade abiut technical
matters suich as %%here anitd ho w to oN taini the inach inc r'c. where and ho it) in stall
it. w,.hat suiit a ble maintiena nce a rrangeents ito make. Of) at least equal imni-
po rt ance. decisiotns concern ingt, litbour must be in ade . T he int ro duct ion cit new%

equiipmient is ginirllV mlost successful if full discaissions with the %%orkforce has ec
preceded tile aippeairantce oif the :qulipimentt on the factorN floor. New wage rates

utav have ito be inegotiated and new Ilatiting levels nm require at decisioit.
finally, it Ina% lie rlecessar\ to acquire new\% skills either- frotm outside or- b\
.ipprtipriate Iftlilin !

(iin Thliese questioncirma long last. bring us to the problem areai that this
sectioni is dc'iirt with. lics CrC. the\~ ptitllCh picblentl of skills. trainting anid
emipltivtteit iii the correct coiltemt.its one aspect. albecit at vital one, of manufac-
utrjtlC itimiationt ardliof industrialisationt

Skills have become an emotive issue. There canl be no doubt that skills arec
closely linked with technology, in the sense that people anld their skilIs inl
interaction with machinery produce the goods and services that society requires. It
is, imlpossible to divorce the typist from the t~pc'writcr, tile pilot froiml the
aeroplane, the turner- front the lathe, the car mechaniic from the nmotor car. ll that
selise-asl long ias the above remains true-it is clear that skills must change ats
technlology chlanges. Jtust ats mnachintery is conlstantly evolviig arid chamiiing, so (tilc
skills of the people interactinlg with it have to change. 'ihe skilIld bowanlil wertl
tint with the bow,. the \%heelwriight with the wooden wheel. the thatcher with thie
thatched roof.

C hanges of sktill represent rho problem other thani that (it training and (ii
tettporar\' tmismlatches if techniolog~ies change faster than itpciple's skills. Real

prcibletms do arise ciut of twoi cotnsiderationls: wh-[ell liew% skills becorte sirtpler arnd
less satisfying than the old tites they replace. and whten new machinery rtuns
largely without the bienefit of skilled human ittterxentioil. The twcii problems tail

really be boiled dciwn to tite: the problem of reduced skill requiremlentts.
Redtucing the questioin cif skills ti this single derlomirlatt rilarts ignrling the
dlifficult issue of whether craft skills are healthier arnd rmore necessar- to human
well-being t harn mterntal skills. fin other- words. cart we recall ' cimpare the .kill cif aI
turner with that of at progratmmler of a numerically cirit rolled machine?

Although the above question may be of great cultural irl-portance we mlust
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set it aside except in the context of training. ()ur question therefore i', not whether
ne\ technolhv %, and particularly microelectronics. causes changes in skill
relutIltluellts- bc causc l1hcic cal I b no )oubtthat it dI c t i at b-but whc thCt it

reduces the total oif skills required. Put this waN, the question is not %cry helpful.
An answer is ditlicult to obtain. high) uncertain and dependent on too manN
other \ariables, such as total enplo nll. IsVell if an answer were available, its
polic% implications ,would not e at all clcar.

An associated question of equal importance and greater utility concerns the
distribution of skills. lechnology alonC does not1 uniqueh, determine wkhat skills its
users shall apply. -there are various wasys in which the tt,'al of required skills can
be distributed. A nutnericalls, controlled machine tool nay serve as an example.
Such a machine can be operated in two distinct w\ays: We can have an unskilled
machine minder who only feeds material to the machine and w\itches it otf in case
oif a malfunetion. The machine minders have to be supported h\ laintellancre
staff. machine setters and programnmers. Alternatively, we can have it machine
operator who combines the roles of minder. setter, programnmer and maintenance
worker. Such an operator too will need support al a higher le\el of skills. e.g. a
desig nr-programmer andi a maintenance engineer. 1Fhe two cases are, howes\er.
ver\ diflerent. In one case we have many totally unskilled and bored machine
inindcrs backed b\ it fcsx highly skilled programmers and maintenance workers. In)

the other case we have mostlv fairly skilled machine operators. backed by a fes
vers highly qualified personnel.

Ftmpirical research has shown that the latter case leads to a much more
sati sfactor\ tperatioi: bilt it ma' v nt ahila vs be feasible. The determining factor is
training. lo Operate :I s\stem of distributed skills, an+ adequate S\SIeIII Of trinine
must always be available. While it is possible to rely onl external training, such as
that pro\ ided b% the education system, for the highest skills, distributed skills can
onl% he eltcclivcly acquired hmv learnig oi the job. The principle of giving people
opportunities and incentives to learn while doing a job ought to be tirmly
embodied in any good personnel policy.

The fundamental belief behind this principle is that people are able and
willing to expand their range of skills gradually, building new lay\ers upon those of
existing knowledge. It must remain questionable. of course, whether compleix
mental inan ipul iat ions can be learned by people with little basic schoolitg, but
these detailed questionts can only be answered in at specific situation.

The niext complex problem area we must tackle is that of total employment.
Two arguments prevail. One is that excessive increases in labour productivity
cause redutndant labour: the other that inadequate labour producti\ity causes
lack of competitiveness and thereby loss of jobs. Thus we come to the conclusion
thal labour cost per unit of product must be optimal. which in this context means
assuring competitiveness and reasonable growth of the lirit.

It may conic as a disappointment to soi that I am not making an
statement of the nature: 'electronies lestroys jobs, therefore destroy electronic':
or the opposite 'electronics enhances productivity, use it wherever technicallh
possible'. My view is that the use of microelectronics or any, other modern
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nrachinerv must fie dominated by three major considerat ions: (I) 'T'he surv ival and
reasonable growth of the firm through the production of competitively priced
Ci i ds at coin pet it i\ u alit y. (2) [he e po ncnttf as ian v people as possible
atl socially acceptable wages. (3) [hei improv ement (if working conditions and the
widest possible distribution of skills.

(i\ ) All that has been said ~o tar is based on espcrrnces and knowledge
gat tied in dcse loped ci u lie ic. I h ase tried it co nside r i he re lesa ne of this
knowledge ito devecloping countries, because I think that the fundamnrtal con-
siderations are the same es erswhere and detailed cotisiderat ions cannot bie
ec ralised.

, [he oither majoir a rea of a pplteat ion of iii c toe crttic iC not di scusd so far is,
tin administration. 11% the s er\ nature ill the techitt ili g - the proicessing of
information- -adiiisratis e task ire ones to mduhch it can bie applied with tilc

gircatcst casec. Space peritsw onl\ oneC ol M11eitiIobes;iiis
Fhe tirsi priinciple mutst Ilk it, usek. conitii l iid ss iii 11i ofi kicilities i all

those cases w~here a genii In iit 1 iios 1~l ci Ill .i1 sciC ccscii b oIaiie It isj ttitficult to nmeasure cilicienex\ In adiniitisir1'itittii A' ihereC tic not) gooi mres At
ountput : nese rt heless it )-,t pet )plc FecLt ig it I 11 leOiI Ci cA Le 110 \\ itCII A 10d An Jt1

bald a1dmlinistratiW e ers ice.
The question iif citiplos mii nt idnis r41111Natioti is, ttl Cclr-cur efier. Some

a rge that as ci tntputcrs aMid \% Old pitCC01t cs IC irs are LIi dUCeil. xIt teweC An nI ft we i

people will be requirtLI inl alllittistr~itioln. )ltersl ArguetC 1 thtile range of possible
adm in ist rat ive arid. ee it i more imiipotiant. itntrtat ion N iAIC e J hC icst ee\ pailied
almost indetinitelly If this h appe CiIt tthen e in ph ix me iii con I e litt ii t i ned
tLcspite increased productisits.

The qluestiont is the mtore tiillicult as there is, 10 tiiCCt1 coiiptitisc crinterion as
itt the ease of goods. ('IcarlN. wherever a coitpetiis product tir sers ice is,

iministered, the administration does fall inito tdiffereint categ'trie..
The nearest one can conie toii a answer ,toultd be ii) sa\ That etiiitiimtic

poilicies should be such ats to allow an espatisitin (if those ser\ ices, forl \% hich there
is real demand -whether in) the private oir public ecetor-and the etiniptutrs calt
make services cheaper antI thereby intcrease tdemand for Themt. ()tt the other 11.1td.

any proliferation of uinwainted and' unnecessairy adittistrat ion is, eleairl a waste ofi
total resources.

CONCLUSIONS AND POLICY RECOMMENDATIONS

(I) Tlie tiariufactutre oif sertiiottdUCtir circuit comupontents is toto cotiples to bie
contemplated itt isolationi. Foreigtn conipetent firmus Should oitlv be eticouraged to
untdertake such manufacture if they arc preparetd tit make real coitributionis to the
indust rial inifrast ructutre arnd to tiraiinitg.
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(2) Similar considerations as in (I) apply to the electronic industry in general.
although a greater element of import substitution and domestic entrepreneurship
may be possible.

(3) The introduction of microelectronics and other modern machinery into
manufacturing processes should he governed by three main considerations:
competitive prices and quality of production: maximun employment: widest
possible distribution of skills and training.

(4) The introduction of new machinery is a complex process requiring
suitable constellations of circumstances and considerable managerial skills.

(5) The introduction of computers and word processors into administrative
and information services should be undertaken in such a way as to inaximise the
provision of useful services, thereby ensuring improved economic activity and
guarding against redundancy of personnel.



"= The Informatics Sector in the Context
o of Industrial Innovation Policies

IDenys Watson
Commission ofthe European ('ommunities

INTRODUCTION

I'lls P.P[-R does 110, tescribe the approach of any single country' towards integrat-
ing the inforniatics industry into an industrial strategy: still less oes it attempt to
prescribe sonic idcal policy lor achieving this goal. It reviews rather the general
question of strategies zo stimulate innovator\ industries, some of the factors
characteristic of the intfoimatics sector. and dete-minants of long-term success
which policy-maker,: -hould take into account.

THE INDUSTRIAl. DEVELOPMENT PROCESS

INDUSTRIAl t)FV|EI)oPMEwNT is not. for any country, just a one-time step. involving
decisions by the private or public sector to purchase and install plant and
equipment, to arrange transfer of the necessary technology, to recruit and train
management, technologists and other workers, and then start producing goods.
Even in the apparently simple case of import substitution, there are changes in
technology and the market, more or less rapid according to the product sector but
continually taking place. and customers have a habit of demanding the latest and
best. So a firm. or an economy, that is not positively committed to industrial
innovation will usually decline: the exceptions. such as firms making hand-crafted

241
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traditional goods, or operating in a non-competitive siege economy. have no

relevance to a conference focused on informatics!
This commitment to industrial innovation involves an on-going process of

analysis of current and potential changes in the market and in relevant tech-
nologies, of appraisal and choice of investment opportunities (including R & )
projects, patents and liccnces, a, well as plant). and adaptation of management and
workforce to successive changes in products and manufacturing processes. so as to
remain competitive in world markets. Public authorities have the power to
influence this innovative process in various ways, even though it is primarily
within the firm that the process takes place. Some of those ways are more or less
obvious and transparent: policies and attitudes towards foreign investments
(inward and outward), trade and tariff policies, fiscal measures and other support
for R & D. public purchasing practices. provision of education, training and
re-training facilities. Other ways may be less immediately obvious: the regulations
covering banking and stock exchange transactions may affect east: of access to
necessary capital of smaller firms: norms, standards and test procedures may be
established in ways which either encourage or inhibit innovation and technology
transfer: mobility of key personnel: and, in general, government policies can have
a critical effect upon the encouragement and acceptance of risk-taking and of
necessary change by managers, workers and the general public.

THE INFORMATICS INDUSTRY

INFORMAI('S is a sector in which changes have been extremely rapid. both in the
technologies employed and in the market: and there is no reason to suppose that
future changes will be any less rapid. For many parts of the sector, the initial
investment costs of entry are at an increasingly high threshold: and. because of the
competitive pace of development, the ongoing annual investment costs in R & D
alone are correspondingly great. So the stakes are high and the risks of failure are all
too apparent. Against this, one can balance the undoubted advantages of direct
involvement in a sector with great potential growth still to come, and whose
technologies have application in a wide range of other industries and services. ihe
concept of the informatics industry as 'an integrated industrial sector', referred to in
the conference literature, would seem to embrace the manufacture and marketing of
a very wide range of products, from VSII through mainframe computers to
peripherals and software, with at least some product design and de\elopnent
capacity, if not applied research. But this vcry ambitious goal is one to which
developing countries seem unlikely to aspire. at least in the short term. The problem
then is how to have some share of the benefits, without cxcessie costs and risks.



THE INFORMIATICS SECTOR IN THE EEC

Wi t ill mII Eit Rm .\N ( twoui m L t ns, inltirniatics is considered as, part of The

itgacocpt of 'New techniiolotgies if initfo rmtat io n (ill I-reiclih. t c ICia-
tique' ). which was the subject of at docunrt subnmttd b [thec omiission it) the
European C'ouncil in Nos embier 199 ' The point was made that certain activities
in this field could no longer readils' he tackled bv aits one Membe-ir State alone.
owing to the threshold of effort required1 to remain compeititive inl world markets:
and it slt ot ta range of measures needed: soci al anftd edurcat in al [ite c rea t ion

oif new markets, the promnotion of industr and technology. thesec include.
amtongst others, the creation of at pool of st udics, concernied wxith the impact til

emlploxmentt of' the niew% technologies, [thc Cornnituntits s ft in -s ar Ittformatics
Programtme (promoting the application and industrial des clo ptitent of comnputing
vta clsfrtender of suitable projects for support. st andardisat itit and publMic
procuremient policies), continued promiotiont of dlata-bases and a1 fVu ropeart itt-

fornmatiott industry via pro posals for -a third act io n p1 a i fo r Sc ientt ific and 'I ccli-
ntcal Information and Documentation, as, well ats prttpotsals itt tilie field Of'
education and training. InI the broader contet oif intitmiationt ptilic *.% the (Com-
miiissionit subit ted a document 'InduIstrial I es lo pmnteit aitd Iin tia tii it to title
Euro i peain Cotniicil held itt I u senbiinrg ft D ecemttber 1980~i. antdi is fto\\ respi itdi tt I!

to the 17 i i pean it out n ci l's request toie. c'arnie wa% s M it li iitat inc thle fiac-11
inctitatitti tit itarkets. aitd iniprttlng Iiceitttvs tol intitmatiton and tile dis-

senittat iti tif krttwlcdige.
Mention is nmade here if initiatives wNithin thle IFurtpeavi (iiinmnitities. tii

sltiow that eve i co unitri es thIiat hawe Itonrg beeni ci itt ide red as, in duLst ri aIi sd are
greatly conrcerned wvith the initeritatitonal cialletiges otf the iiftirtitatics iitdustr\s
ankd the net for 7t int imiation itt s the bhasis fo r co ntotllic i'sis il. It max bec arg~ued
that SuICh1 wide -scalecliftrt s are itt tnteeded ft r :1 ft vit-ill i vs wolltl Wii Ii ci tt t

with a it iore moi dest su b-sect t r i f thle ittarketi such as, sontitle Cri ph eralI equLipmt.
oir specialised sotfware: aitd uf course there is itl celitett tf truwht it this.
IHtowever. it such at techntiltgicalx ilaiei field. if (ite peripheral CqItipIttetit

desigrter arid] itatufacturer oir the stiftwvare htourse dues t hasCa irtotinutous aitd
effect isvei nterface withI the mic'rocthi p produtiicer an it Iiiciiai it fnlii m itanituifactutre r.
he is likely tot be left bechiitd ill des eltipnICIti. \%wa\'s hasC I0t be foutnd otf
overctiming the probleitis oif physical rmoi tentess. arid atl least stitti loical cipacits,
for develo~pintg the *de-bugginig' equ i pmt itt td pril in aites titlist he bil il ti.
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SUMMARY

To .~\.1x~s.~he informatlics. sector has undouted growth potential and other
attractions: bt i't is at highly competitive. fast-changing sector in which the stakes
are high and the risks should not he undertaken blindly. In order to succeed in the
long-term, a country needs good educational and training facilities, an adaptable
workforce, an environment that encourages flexible innovation and openness to
technological transfer: and, for the firms concerned. if they are independent, the
financial resources to make repeated and substantial investments.



Study of the Impact of Microelectronic
Technology on the Irish Economy

Robert Cochran
National Board for Scien'e and Technologyj.

Ireland

INTRODUCTION

TowARos rHit -ND of. 1979, the National Board for Science and 3Tcchnology
(NBST) perceived that the area of microelectronics and its application, -,as
worthy of special attention. In particular. the electronics industry was one of the
fastest growing sectors in the Irish economy, and one which could offer consider-
able employment over the coming decade. Furthcrmorc. it was seen that the
application of microelectronic technology in all sectors of business-both in-
dustrial and commercial-would be a major factor in international competitive-
ness in the years ahead.

There was also a popular belief that the application of the technology.
particularly in certain industries, would cause large scale unemployment, and the
NBST wanted to examine and report on this issue. It also recognised the fact that
the pervasion of microelectronic technology into all aspects of commercial and
domestic life would have far-reaching effects on the whole of society.

Thus it was clear that the technology would be an important factor in
Ireland's economic and social development over the coming decade and on to the
end of the century. It was also clear that the experience in Ireland might not be
typical of experiences in more highly industrialised countries, and that studies.
policies and programmes developed in and for such countries would not neces-
sarily be appropriate for Ireland. The NBST therefore decided that a major sud%
was desirable which would provide a balanced perspective from an Irish vic,-
point. The terns of reference for this stutv were:

245
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(I) To eartltne the tretnds in microelectronic tcchnolog and its applications.
(2) To assess, in the context ot the Irish cconoI\ o\, r the period it 190 I the

new industrial and employment opportunities arising and the potential
impact on the nature and le\el of emplo mrtC ii e\isting rIantufacturi Ig and

sr\ ice industry: and
(3) "Io report co nclusions an d recomlmcnidatinns-

It is important to note that the study embraces all sections of the economv within
its terms of reference and also that it aims to establish the positive benefits and
industrial opportunities for Ireland from this new technology while not ignoring
the structural and personal adjustments that will he needed in certain areas.

It is also worth noting that the project team was assisted by a consultative
committee representing both sides of industry as well as the rele\ ant Government
Departments and State Agencies. In addition, some financial support was pro-
vided by the Directorate-General for Regional Atfairs of the FEC.

BACKGROUND

It Is II tAR MA). a SItudy such is this cannot be wholly concerned with technologv.
The technology must be seen in the cotntext of the overall state of the econoyll\ and
of industrial developmnct. Thus in order to gauge the effects of microelectronic
technology ol the Irish economy. certain things about this econl ts it stands
must be determined. In particular. to predict the impacts oil employment, the
occupations engaging the workforce and their proportions need to he ascertaine 1.
along with the trends that already exist in each sector of the economy, and an\
forecasts that have already been made for them and the basis for these forecasts.

It is also necessary to establish the state of the technology in relation to the
various occupations/sectors identified. There is also a need to know not only wrhat
is possible with the technology but also the availability of currentl comninerically
viable systems. and reasonable estimates of trends and forecasts for what will be
available commercially up to t). It is also necessar, to establish how fast the
availablc technology will be accepted in the markctplace and to identif\ the
factors which either accelerate or decelerate this acceptance.

Other aspects which could have a bearing on the conclusions are the
openness of each sector of the econiomy to external competition, and-the
opportunities for growth and eiploltiieynt made possible 1\ the development of
new goods and services.

In devising an approp,,iate methodology, consideration was given firstl\ to the
general approach to be adopted. There are in practice three such approaches:

(a) Firstly one can approach it front a macro' point of view. It seened clear
however, that the development of econometric models has not progressed
sufficiently to take account of rapid technological change of the kind beim
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considered. In particular. such modcls tend to use highly aggregated data and rely

heavily on historical tmle trends, both of which are serious disadvantages in
attempting to study future changes. A similar line of reasoning also indicated that
input-output analysis wts not feasible, despite its superficial attractiveness.

(b) Secondly, one can take the opposite approach and deal with the problem
on it *micro" level. This cssentially involves undertaking detailcd case studies in

isolated firms and attempting to draw sone generalisations froim these in-
cstigations. The project team felt it important that such cise-Stulics hC Under-

taken in order to gain a better understanding of the interplay of all the relchant
factors which influence the dilusion and application of technology at plant le el.
It was however, considered that this approach would not be i satisfactor\ wayit of
examining the impact of this technology on the ccononv is a whole.

(c) The third approach. which was the one adopted, attemlpts to steer a

middle course between the other two. This "meso" approach involves dissecting
the econon into its component sector, and examining each of these in somc
detail. At this level one can get sufliciCntlv detailed data to perlit an lndcrstand-

ing of the nature of the products and processes involved in each sector, as well is

the nature of relevant variables such as manpowker. degree of capital intelsil\.

competitiveness, openness to external influences. tc. It may ie objected. \with

some validity, that this approach ignores linkages between sectors, or the
influence of imports and exports etc. The projects team wits \cry conscious of this.

and attempted to collect data to address these questions as far as practicable.

METHODOLOGY

IN i lNE wri the sectoral approach adopted. the econon\ \%.is first broken do il

into its three main sectors of agriculture, industry and ser\ ices. These were then

further subdi\ided as outlined below.

(a) Agriculture

Agriculture currentl\ accounts for o\ cr 2(0 per cent of the ltabour force. \% hich
is the highest such proportion in the FF-'C. Fmlployment in this sector has been

dropping steadily and is expected to continue doing so for some time in tlie future.

Some of the questions which were considered to be relevant to the eamination, of

the impact of microelectronics were:
)oes automlation o n farIs depend oil farm si/c.'

flo w will external competition from possibl high ly l at omated farms aflett
the markc for Irish produce?
Is there a difTerence between 'fanmilv farms" and farms run as business

enterprises?



around the world.

(b1) lndustrt'

tIhis sector ci ploys o\ ci 30 per cent ot the labour force. 2(t per cen1t 11CIIII!
in the manufacture of products while the other Mi per cent are InI buil1dingL a11d
construction. utilities and the extraction oif raw materials (mining etc ). For the
purpose of this study, special investigantions were commiissioned on the following
sectors wvithin manufacturing indust rv.

Food
D~rink and Tobacco
Chemicals and related products
Enlgineering and Elctronics
Printing and Paper
Textiles
Clothing and Footwvear
Construction.

The other part., of mnacunganld related areas Were eXam1ined b1 eanis ot
discussions with keyv peo ple anid hN an alvsis of ai ailIable d ata from at v anct\ v
sources.

(c) Seni ies

The ,,cr~ices sector of the economi, cover-s at diverse range of aetix ities but
together the\. account for almost t) per cent of the labour force. These, actix it ics
catn be categorised as

Distibuion'Connirceand Tranisport
Public Adinist rat iton and locfencc
Personal and Recreational Sers ices,
Professional Services
In1surnHce. Banlking and Business [-inanicial Services,
('ommunicaior-.

While all parts, of the services area -,ere being considered, special studies
were undertaken ats part oif the project of those areas where it seemed a priori.
that the technology wats most likeliv to h ave ant impact. 'These w-ere the areas of
distril ation and transport. office and administratix e work. and banking. It \\as,
recognrised also that the first two have important hori/ontal components which

spread into the manlufacturing areas ats well.
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FINAL REPORT

Al ni- 111,1F 01 WRI IrNO. almo1st ill] the preliminarv inxestigations. collection(iof
dat a. and the col lect ion and examination of rcicn alit eatu re hias been co mpie ted.

At present. this material is being s\ nthesiscd into thle tinal report (if the project.'
This is not anl easv task. ins olsing as, it dfoes the recontciliationi ot material fiorn
ditlere n t soiurce,, (wit h dififere nt app roachles anid a ssuinipt iln s). Inl add ition. there is
the task of' p1.illn theV Sectors togethier in a wast that makes sense in) thle context
of the eeoon all a whole. tak Le account of the interactions between the sectors,
as far as is possible and tryxin tie reflect the o. crali dx namics of the econon\. It is

otsitliply m ratter of looking ait existing acti tsc, ostuaig.eitouto i

mlicro ielectrotiics and assessing the direct effects oil these .,ctis itices alonle.
The report now- taking shape will have the tollowitie gencral structure:
Section I wkill give t.! backgroutnd to tile studs,. describe its, methods. aHld

gis eia brief description of the finlditi'S. Conclusions and recommtienrdat ions. Inl
addition, this section ss ill include al uenetal res iess of the des elopinint of the
tee n ology.

Section 2 will describe employment ill Ireland toda.t\ inl all sectors,. and
discuss the economic factors and trends reles ant to it.

Section 3 will describe the state oif technology in the various sectors and will
discuss the scope for application of microelectronic, sector by sector in the
econom11y, and then describe the factors which will aceelerate or retard tile uptake
of the technology in each sector.

Section 4 will discuss the changes that are foreseen in each sector; cca. the
replacement of labour by capital. the expansion of business, structural change,,. It
will attempt to quantify the jobs at risk in each sector in the short, medium and(,
long term. It will also describe the possible new industries that miay artse.

Section 5 wvill exatne wkays of dealing with problems and of maximising
opportunities offered by the technology. It will also deal with the educational and
traitning requirements that will be tieccssarv. These, and the other recoml-
mie ndat ionls likely to be discussed. are out lined iti moire detail later.

Section 6 will briefly look beyond 1990Y( arid at the trends to the end of the
century. It will try to assess the implications for planning in thie 190 G( if tile
developing informiation society. and will idenltify areas needing further StUdN . It
will also indicate follow-up actions that need to be taken.

Niow puh,hcd: %cc reference: NtiS] 14l)81I
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POLICY ISSUES RAISED

AN iMPOR IAN) .\i.i of the report is to adequately address the polici, issues w~hichI arise from the analysis of the information collected. E.Namples (if the issues to be
considered are:

(a) Educiaon and raining~

It will be necessary to ensure that the educational sv' st em is geared to
produce people with the right Llualifications, in adequate numbers. Examples of
possible problem areas are electronics, engineers and technicians, computer pro-
fessionals. maintenance craftsmen etc. It is also essential that adequate exposure
(in both aI general and aI specific wka '% as appropriate) to electronics and computing
is available in all relisant second and third level courses.

(h) Rerrainn

Prokision njeed% to fie: miade ito cope with Structural changes in emplovment.
This, s, ill inls ~le all ,kdn ks cls: semii-skilled, craft. technicians, engineers.
man~agers etc. Also there I% a need to consider in-service training for engineers
arid others ito keep- them tup-to-date.

(c Prooorjin A i((rcl(s%

Raisin,- i le awareness "sit htin idut rvt of the possibilities oif the technology for
imnprov ing products and processes is vitally important but detailed considerations
of the most appropriate mechanismn to achieve this is required.

(1 IInftsiu i-alR'quirin enit

']his wvill include ensuring that adequate R & D facilities exist. and the role oif
bodies such as spCialised Application Centres. Also the role of the telecom-
miunications serv ice needs to be addressed, both in relation to its basic Services
aind also in relation to the new range of Potential services.

(t') ( oniuhatioli

-[he most benieficial and effective utilisation of the technology will occur \vheti
workers affected by the tech nolo Nv have sufficient participation in the process of
change.
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I)Planning~

Ensuring that an adequate focus for the continued monitoring oif and
planning for the changes due to the technoiogN is established at go~ernment level
will be considered. This is necessarv if the technology is to he utilised towards the
achievement of national economic and social objectives.

CONCLUSION

Ttus PAPFR hats concentrated on the background. rationale and mcthodologO, of
the study' while leaving aside the technology itself, on the assumption that
developments in the technology itself are rcasonahlk well known or are
adequatclh dealt with elsewhere. Also ignored in this paper are the actual jIts111
of the study. since the analysis of the information is not complete at thle timei of
writing. The final report of the study Iwill howvecr be published in June 1981 and
will be available on request from the NBST then {NBST, IYNI V The approach
outlined here will, it is hoped, prove useful to others wxho ma\ be considering
undertaking similar studies elsewhere.\"
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oMicroelectronics and the Garment
0Industry: Not Yet a Perfect Fit

IH.J. Rush and H.K. Hoffmann
Si'ervirl, of Su se.. L"PL'nited Kingdo,

INTRODUCTION

0t RRFNI NORI'll S Ot11 IRi RAI)i relationships and the underlying structural charac-
teristics which dctcrmine the resultant international distribution of bencit, set the
context into which microelectronics based inno\ ationts ( "s) ,ill b e introduced.
Any speculation on possible scenarios regarding the impact of microelectronics on
the Third World must take these contextual factors into consideration.

One of the most signiticant of these faclors is the phenomenon of Third
World industrialisation efTorts which have led to fairly significant increases in the
export of iariufacturCd products. Rates of growth of manufaclured exports
averaged around 26 per cent per year during the 19t)7s.

These aggregate growth rates, although impressive, do not nccessaril\ rclect
the situation of iidividual nations since developing countries are b\ no means a
homogeneous group. Different countries have experienced varying degrece of
success in iit'rciasing the value and volume of their manufactured exports. This is
largely due to differences between countries in terms of the structure of their
economics and the orientation of their industrialisation strategies. Ulriderlyiiig

these dilTcrences are factors likely to bc crucial in determining the ability of these
countries to respond to changes in trading conditions brought about by the use of
MNls These faciors include the diversity of industrial activitie and the si/c of
the in Lmnal market: the degree of foreign control. (particularly in sectors where
export -are important): the percentage of value added in exports: the degree of
integra ion with local suppliers of intermediates, capital goods. and technical
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scrs ices: the level of indigenous technological capability: and the location o)f
mai~rket,, foir the expotrtedI prAodlucts.

It is difficult at this stage to assess how the combined weight of these
%ariables will influence the impact of nijeroelect ronics onl individual countries or
on the Third World ats at whole. D~etailed case studies with a stronC daaIs
draw4n fron) Ii~d work within these countries arc required. Nevertheless, a
reasonable first approsination o)f some aspects of the problem can he dc~cloped
fr mn the careful mi in it inrug and analysis i)f the pn icess i)f innui at ion anrd
diftLiSiOli of %lBls within the advanced industrial economics,. '[he first mani-
fest at ions if how mien iic een inics will affect intern atioin al c ml pa rat i e ad~ant age
will be highlighted by the rate and extent of the diffusi process, in thoise
dev\,elo~ped countries which are either competitors or markets for the Third World.

A mnajor study aloing these liues is underway at the Science Policv Res earch
Unit. IJixersitN of Sussex and is fo~cussing onl the N1111 intro' ;Mt0iordilusror
process in the garment sector in at select number Of deselo)ped countries. The

garment sector was selected fo~r study because (if its importance to) both deveCloped
and developing countries in terms of trade and employment (see Tables I and 2).
Mo~reover, the production process inl this sector is highly lahoUr Iterisise.

A coinrnon argument in the literature is that such processes are particular>
susceptible to cost reducing innovations based on miicro~processo)rs which wo(uld
allow full 'automation and dramauicali' reduce labo~ur inputs,. rI'mate sector firmis
in the devv'loped countries arc expected toi be the first to introduce these
innovations. It is alleged that this wo~uld improve their comipetitive position to a

Table 1. Internatinnal Trade in ('loting Amnit
Selected Market Economy Counlries, (USSI

1969 197

Hong Kong 62t0.713 2.4 ' 5,834
Koirea. Republic oif H-00.91 2.0(23,,75
India 26.916 333,579*
Singapore 27,825 210t.879

Mexico 5.639 32.S48*
Brazil 7.37 85, 172
Thailand 788 81.827*
Tunisia 6211) 7t1.40
Colombia 9)t6 39,6to*
Philippines 799

1976 data.

S injrce U.Jnit ed N aticn s (197)7 f e~arhruk id m Inter-
national Trmuld'Staisic. 'Vol. 11. New York.
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Table 2. Employees in Clothing Industries and their
Percentage in Total Employment in Selected Manufacturing

Industries

Africa 
1975 1976 1977 1978

Cameroon 6963 7011 6844 7084

21.8% 21.4% 19.8% 17.2%

M 7574 11484 13675 14282
M t36.5% 42.9% 44.0l% 46.0%

4284 4785 4911 5011

Kenya 4.0% 4.1% 3.9% 3.8%

Americas

Colombia 38715 4 N/A N/A

8.5% 9.7%

2( )86 32883 32143
Costa Rica N/A 206 KS 314

29.4% 32.1% 31,0%

Chile* 19671 18998 19494 N/A
9.6% 10.2% 10.6%

16430 16919 17562
Honduras N/A .2% 24.8% 244%

33834 34743 34980 33963
Puerto Ricot 00 93 89 65

31)}.o('/ 29.3% ~89 , 26,5%

Asia

192532 23941 231731) 231557
Hong Kong 301.5/,, 32.0% 30.4% 0/(.101%

Korea, Republic of 152100 N/A NiA N/A
11. 4 %
17739

Singapore 94 N/A N 'A N/A

Including footwear.
I wage earners only.

Source: 11,0 Bureau of Statistics (1980)) Il) Setond Tripartite
Technical U'eting for the (lothing hrdustrv: General Re'ort.
(ieneva.

cis Third World producers and deprive developing countries of crucial export
markets.

Given that the apparel industry shares some similarity with footwear. textiles
and other labour intensive sectors, it was felt that a detailed examination of
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developments in the industry would provide valuable insights at a more general as
well as at the specific level. In the next section we briefly review the nature of the
production process (prior to the introduction of microelectronics) and sonic of the
structural and institutional characteristics of the industr%. In the foilowing section.
innovations in sewing technology containing microelectronics are described.
while in the final section sonic concluding observations are presented on the
implications of these changes for the Third World.

STRUCTURAL AND INSTITUTIONAL CHARACTERISTICS
OF THE INDUSTRY

THE. MANUFACTURE OF GARMENIS typically involves a sequence of activities where
an operative is required at the interface between material and machine at each
stage. (The discrete activities include: design. grade and cut pattern, plan opti-
mised lay. lay and inspect for faults, mark, cut, label and bundle. transport to
sewing station, assemblv. inspect, press and tinish. inspect, pack.) although the
basic steps in the process are the same for all garments. the tremendous \ arietv of
wearing apparel that is produced to meet the demands of the fashion conscious
consumer in the developed countries in fact imposes widely differing operating
parameters from garment to garment. In some cases, such as jean manufacture.
production runs are long. Only a relatively few pieces of material need to be sewn
together to make the jeans, the sewing tasks are straightforward and style changes
are comparatively few. In ladies* clothing, however, the situation is precisely the
opposite: there are many style changes. short runs, complicated sewing tasks arc
required to accommodate design changes, id there are frequently many piece, to
be assembled.

In the face of these conditions, the industry historically has relied upon highly
skilled operatives and reliable, inexpensive, all purpose sewing machines which
can be cheaply and quickly adapted to the different sewing requirements for each
type of garment. The rate at which innovations have been introduced into the
industry has been much slower than in other sectors. The basic sewing machine
design, which still predominates, is almost identical to the industrial machines of
50 years ago!

There are many reasons for this slow rate of technical change. the major one
being the continuing ability of highly skilled manual operatives to respond quickly
and efficiently to the technical demands of rapid style changes. However. there
are other factors-the industry is highly fragmented. very undercapitahisd and.
apart from the large firms, is burdened with archaic management practices.
Equally as problematic as these institutional obstacles are some significant tech-
nical barriers to innovation which centre around the problems of handling the
limp fabrics which make up garments. As we shall see since the average rate of
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investment in R & ) in the apparel industry is very low (about 01.05 per cent of
sales) and the capital cost of overcoming these problems very large. prior to the
advent of (micro)electronics there has not been much progress towards their
solution.

As a result of these structural and technical characteristics of the industr, in
the developed countries, the level of technology in use by Third World manufac-
turers is roughly on par with that employed in the advanced industrial
economies-certainly the gap between best practice techniques and the average
production methods in use in developing countries is much smaller in the garment
sector than in other sectors. Consequently. relative labour costs ha c been the
main determinant of competitive position although ualitv factors have so far
prevented developing countries from competing internationally in some lines of
appael. Due to low wage rates. Third World manufacturers have enjoyed an
increasing degree of comparative advantage in a number of high volume sub-
sectors as wages have risen in the West.

Although technical change has. as stated above, been relatively slow in the
industry, during the 1950(s. I960ts and early 1970Ts the introduction of electronic
controls allowed for continuous, if modest, increases in productivity for specific
sub-processes now carried out by specialised machines. Due to the relatively high
capital costs of these specialised machines, now costing thousands of dollars as
opposed to the average cost of $N)) for a standard sewing machine, the con-
parative advantage of less developed countries has remained intact. The ditferen-
tial in labour costs (see Table 3) has remained so that a large number of
international firms have located an increasing proportion of assembly in low-wage
countries, through sub-contraction, joint ventures or wholly owned subsidiaries.

The introduction of microelectro mics in the late 19U701s raised the espectation.,
of some observers, both inside and outside of the industry, that the formidable

Fable 3. Comparison of Wage Rates tISA/tiK/Far Ea t

Effective Labir (o,/otlur after
Labour Rate allowing for Prod/()rganisat ional and

Per Hour Efficiency difference.

I SA £1.00 t I )p
UK £I.4) 44p
Japan £. 2t) 26p
Hong Kong £.10 16p
Taiwan and South Korea £0.05 IOp

Source: M. Saibel, Singer Corporation. in Birooke. P.(.. .of''anoato, ,t
Garntw As,mblies. ('lothing tistitt e Journal. XXII 135.
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techinical obstacles to automation would he rcnovcd. It was fcl that the nmicro-
processor, with its vast information processing capacity and inherent flexibility
had the capacity to facilitate radical technical changes at the sub-process and
systems level.

While the changes that were widely predicted have vet to advance beyond the
first generation of innovations, the awareness and interest of the industry in
advanced industrial nations has certainly been captivated. Within the last three
years the number of capital goods firms otfering microelectronic controls in their
sewing machines has increased from less than a half dozen to over twenty five. In
addition, firms and individuals from outside the industry, who have extensive
experience in electronics, have introduced the most radically new innovations in
garment technology.

INNOVATIONS IN GARMENT TECHNOLOGY

BF-I W" IOZII. I)ITS( RIlI- Some of these innovations. There seem, little doubt
that these and subsequent innovations will eventually dramalically alter tile
structure and character of the industry in the advanced industrial economics.
However, the rate at which this transformation will take place is still open to
question given the deeply rooted and inbred nature of sone of the structural and
institutional problems referred to above.

Grading. laying out, marker making, and cutting have traditionally been
separate and highly skilled manual tasks. (uiven the value of the cloth in the total
costs of the finished p roduct (often reaching 50 per cent). tile phase of la. in g mt
patterns on the cloth is crucial if wastage is to be kept at a minimum. Likewise.
cutting the cloth precisely according to the lay is equally important particularly
since error at this stage can lead to defective garments at the assembl\ stage. The
sequence of tasks from grading through to cutting ha\c been the only olperaion,,
for which automation with microelectronics has significantly bridged the gap
between what were previously discrete activities. Technology is no%% available that
combines computerised pattern grading with optimal pattern layout, marker
duplication facilities and electronically controlled cutting. Several firms, notably
Camsco and Gerber in the United States and Laser I.ectric in France offer a
mini-computer based system which allows operators already skilled in traditional
techniques to increase the speed of grading and laying oul from 2 t) i) times---
grading which previously took 4 days now takes only I hour-vbilc sinnl-
taneously reducing waste i'fron between two and live per cent. When tile %hilitnle (1
fabric usage runs as highly as $11 million as is the case in a number of melium
itcd firms even a 2 per cent fabric savings is substantial considering i the lov profil

margin per unit. The outright purchase of these systems, however, costs between
$3001 .t00ti and $6(iltI.lt ) and neccssitatcs ill ihtcnaincc Contracts ill the Tango: t)!

. .. . .I. . . . . ~ il d i . . . .. .. . . . :. . . .. . . . , . . li . .
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$1S)O-$2.t)l1 per month. Not surprisingly, the si,cable initial inestnient and the
high fied and running cost: have led to the establishment of scr\ ice bureaus wkhich
offer these scr% ices to users who cannot justif\ purchasing the s\stcnis thenisel\ c,.

Cutting technology, having remained static until the early 1970's has mo\ed
from a manual technique using a hand held electrical or mechanical knife to
completely mechanical cutting that is electronically controlled. A decade of
experience has seen the virtual demise of automatic die cutting, as well as the use
of lasers and high speed water-jets to perform cutting. These have largely been
superceded technically by the Gerber computer controlled cutter which in-
corporates a self sharpening blade. This machine, which requires complete
re-engineering of the cutting room to attain maximuni efliciencieN costs around
$t'((ll'.ltl()-$1,1)tXI,(X1)1t .4id enploys the programming facilities offercd by the ('amsco
or Gerber marker makers described above. This has greatly reduced the time
involvcd in these phases of the process fromt thout one hour to at Il\siniuni o| four

minutes per suit. Skilled labour input is reduced dramatically with savings of up to
llI per ccnt reported h\ sotlic firnm,, in their marking and cutting \.orktorcc.

Although technologically impressive. these innovations are associated with
activities which give only limited increases to value added. And given the high
level of investment required these call only be afforded by the larger firms.

While the value of fabric is a major proportion of final costs these costs are
comparable for manufacturers worldwide. It is i the area of reducing labour'costs
in the assembly stage. accounting for about 80) per cent of all labour costs, where
savings are required if any dramatic shifts in comparative advantage in favour of
the developed countries are to occur. The technical changes which have occurred
in the sewing room, while significant for certain sub-processes, are nowhere near
the saiie magnitude as seen in earlier phases of tile garnent-manufacturing process.

The range of ditlerent sewing tasks that need to be carried out at the
assembly stage is very wide and cart involve complicated stitches requiring a very
great deal of skill. In most cases. highly irregular shapes of different lengths are
involvcd-all of which change as fashions vary. To compound the problem. many
factories are required to make only a few units of the same size and shape at any
one time, and often have to mix batches and orders.

The technical problems for mechanising and automating such a process are as
obvious as they are formidable. The use of microelectronics has, however, allowed
for two types of semi-automatic sewing which although they do not completely
replace the operator, do increase productivity while at the same time reducing
skill levels and training time. The first incorporates a dedicated microprocessor in
specialised pieces of equipment for small parts assembly i.e. collars, cuffs, belt
loops and pocket setting. These machines produced by a wide range of firms
including Union Special. Pfaff. Durkoff, Neechi. Juki and Reece. cost in the range
of $15-40.11), and allow a high t'oume producer to increase productivity by
anywhere from 50 to 300 per cent by increasing the speed and combining a number
of operations, e.g. in the case of collar attachment, these machines reduce the
tiunber of operations from eleven to three.

Long runs, infrequent style changes and more than one operating shift are
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necessary for these reliable, extremely efficient, but relatively inflexibile machines.
The second category of sewing innovations is distinguished hv the usc of
pro2ramnmable memory chips. At five to eight thousand dollars these machines can
be computer programmed and controlled to perform a large variety of stitches in
either decorative or functional sewing tasks. When combined with photo-electric
edge sensing equipment, these machines will monitor the edge of the material to he
sewn and disengage the needle when rCquired. ( )n leadin' 1n nI UtiCt Icr (i1t." ;n:t
independent evaluation of this sv'stem which claims that productivit i, impro\ed
between 25 and 6 per cent for a varlet\ of operation, ,uch a, u p stitchln: collars,.
setting shirt pockets and attaching collars.

With approximately 80 per cent of the average garment niatutacturcr,, lalour
and capital costs associated with the assembl, phase. the subsequent concen-
tration of innovative activity in that area is justified. Given the current technical
difficulties and potential savings in the sewing room it is also hardly surprising that
the finishing stage has been relatively neglected. This is reinforced by the
pervasive attitude among management that the function of pressing is primarily in
making the product 'presentable* or "saleable' rather than an essential component
of value added.

This attitude is likely to change as modernisation in the industry fosters more
sophisticated methods of cost justification. Two capital equipment manufacturers
recognising that the II per cent of capital espenditure estimated for this stage alsc
signifies a high degree of labour intensity, have now incorporated microelectronics
into their pressing equipment.

Magpi/Sussman and Certus have introduced first generation pressing
equipment for jeans. slacks and suits which incorporates microelectronics. Iti flat
pressing jeans using this equipment, 6 pairs of jeans can be pressed per minute. or
over 2.110 pairs per day, while suits can be pressed at the rate of -U)I per day.
While Certus' equipment goes some way in providing a more continuous pressing
of separate parts of a garment (i.e. sleeves, armholes, shoulders etc.) and
Sussman's allows the operator to choose from 12 pressing variables (i.e. steam
pressure, temperature. etc.) neither machine, whose costs range from $3(1.0)0t to
$2(0)0((). has operated under production conditions long enough for an accurate
assessment of their operating performance. What is currently evident is that for a
limited number of products (jackets, jeans) these machines can be used to reduce
both training times and operator skills, previously required to ensure quality.

IMPLICATIONS FOR THIRD WORLD

Witiv F r-Ti v automated garment production system is not at present a reality.
the trends in technical change and the expectations in the industry are unmistak-
ably oriented in the direction of increasingly comprehensive systems develop-
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ment-although it is likely that change will continue to be gradual rather than
rapid-extending into medium to long term as opposed to the overnight changes
predicted by some observers.

The structural and institutional problems discussed earlier which impeded the
historical rate of technical change, will also slow the rate at which NIBIs arc
introduced by manufacturers in the developed countries. The high capital costs of
the systems and the advanced management and maintenance skills required to
operate them efficiently means that the large manufacturers will be best placed to
use the equipment. Interestingly, these large firms are also those most hea~ilh
mx olved in offshore manufacturing and producing under USA 807.0tt) import
type clauses. Hence, they will be able to very accurately gauge the relative costs of
pro ducing garments offshore using cheap foreign labour its opposed to home based
production using the advanced technology.

Although it has not happened yet, to an' great extent, there is a feeling
among the large producers that a large share of offshore production will be
brought back. In those cases where firms have located manufacturing facilities in
developing countries with large domestic markets, we voul expect that the
equipment would Lbe introduced if competiti\e conditions rcquited it. Both of these
scenarios have significant implications for developing countries.

Locally owned Third World firms produce and export an extremely wide
range of garments that vary enormously in terms of quality and cost. Tradition-
ally, they have concentrated their efforts on standardised products of low to
medium quality which have a wide demand in western countries-blue jeans.
skirts, blouses, shirts, jackets. etc. More recently, however. they have been
successfully moving 'up market' with their exports and are increasingly competing
with developed country producers in high fashion sub-sectors such as suits and
dresses, where profit rates are higher and there are fewer tariff barriers. Their
comparative advantage. however, remains based on cheap labour rather than on
improved technological capability.

Although Third World firms do have access to quite a large range of
techniques on the international machinery market. thex tend to rely extensivel\
on conventional multi-purpose machines and ,!,' ap labour to manually perform
the tasks A hich will become increasingly automated in the developed economies.
This combiation gives them the capacity to mass produce standardised products
at low prices and enables them to respond quickly to ever changing fashion
requirements and competitive conditions. These characteristics will allow Third
World producers to resist the effects of microelectronic based technical change.
But this ability to resist must gradually be eroded by the combined effects of rising
domestic wages. higher and broader tariff barriers and innovations increasinglN
directed at precisely the activities where they now enjoy coinparatic ad\ antage.
As we have already mentioned the crucial variables in this process will be the rate
at which these applications will be developed and their speed of diffusion within
the advanced industrial countries. Across subsectors. this will be an irregular and
discontintiou,, but ncvertheless inexorable process that is alreadv signposted b\
current developnlents.
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I. INTRODUCTION

Tlls PA.PE R is in the nature of a report on research proceedine. Three earlier
papers (Stoneman, 1980t(a). 19XSt(b), 19 l(a)). have discussed an approach to the
analysis of the impt of new technology on employment which is reported
further in this paper-The main purpose of this work is to attempt to get away
from the microeconomic analysis of much of the work on the impact of new
technology and h3 c4-msider the macroeconomic questions, I am quite willing to
accept that-If a firm uses microelectronic technology then it may well produce a
given level -f output with less labour. However the impact on the demand for
labour in the whole economy depends on many other factors and that is what is
discussed here.

-NThe main body of the work reported on here was designed for the analysis of
a closed developed economy. In the Appendix -6w--the details of the model
itself are discussed. In section 2 we report on the employment paths that the
model predicts will result from the introduction of new technology., ald at that
stage we will keep formal analysis to a minitiium to save space and ilupro\e
clarity. In section 3 we discuss the issues that will arise when the mod,.l i,,
extended to an open economy. In section 4 !he issues that are relevant in the
developing economy context will be discussed. In section 5 conclu,,ion, are drawn
One point should be made at this point that is important to the whole anal\si, f
this paper. In much of the literature in this area it seems to be implicitly assumed

202
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Stich at process will create problemis for somne Third World producers
particuilarlIN those countries which are rcall\1 only beginning ito deovelop their
apparel industries. The renewed strength of western manufacturers arid the
alreadv entrenched position of the more advanced de~cloping count ries wkill work.
agins~it any draniktic cxpantsion of tiiarket opportunities for tilie least deoveloped
countries of the sort that fuelled indust riaiilit ionl for thle N l(' s. I 1 )we\ r tlie die is
nlot vet cast arid somei timle will elapse before these changes reallk begin ito take
effect. In the intervening, period, these poorer developing countries wxill niced to
make at much clearer assessnient of their strategies to develop the garment sector
in light of thle effects of rmicroelectronics on tile structure of thle iridUstr in
western economies.
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thait ncw% technology is introduced ovcrnight. A hasic principle underhint our

anal\,sis is that the change to new technology is a time intensiie pro cess. It can
take 2) \ears for a newk tcclhology to bec full\ difTusCd. It is this period during
wIhich diffusion is occurring in which we are interested. The end result of the
process is almost irrelevant given the rate at which new technologies appear in the
mo idern world. SimiI rIv it becomes very important as lo how impacts will ,.ar\
with the S>ped of diffusion. 'Ihus the analysis of the impact of different diffusion
speed, is another of our objectives.

The debate on the impact of technological change on employment has a long
history. Ecry so often ecolnomics bursts into at flurry, ot acti it\ on this question.
The current concern with the topic has been prompted by the realisation of the
potential of microelectronics. This realisation ha, generatCd a number of com-
mentaries (e.g. Freeman. 1)78, Barron and Curnow. I979. Jenkins and Sherman.
11)7 ). the major predictions of which are that the introduction of 1.ev technoloe0_1
will lead to unemployment. A rider to this is that the faster new" techvnoilogu, is
introduced (ignoring international competitie aspects) tlhc Iiigher will be the
uncmploynent resulting. UinfortTnately Much of' this literature is either devoid of

thcory, or if theory is included it is implicit rather than explicit. The outcome of
this is that much of the literature ignores \w hat hecert ie (I1977) calls compensation
effects. In essence. if a labour sav ing technology is introduced inl one sectoer of the
economy there may well he automatic responses il the econorli\ that I c;al 1t
increased employmtent elsewhere. (ompensation effects fall into three gro0ups,:

(I) Technological multiplier effects. These can be exeniplified ,s tile cnipho1ic n,
i creating effects inl industry j re,ulting from the introduction oif a tei, technologs

in industry i. for a gi ,en final demand xector. Thus if newk technolog, is s iolkIs
iemb odied the in trod ucti n o iewv tech ioh gy will mean incre ased demand kill

the capital goods sector and thus employment effect, in that sector.
(2) Incone effects. If new technology leads to changes il illCOllle les els 1

distribution then the pattern oif itial demand mae change with consequent effects
on employment.

(3) Price effects. New process technology ss ill probabl mean lowser costs and thus
lower prices. New product technology should iean lower quality adjlslted
prices. The consequent demand increases should stimu late emplo} meni.

In) this paper we co'isider all three compenlisation efects. lechnolo.ical
multiplier effects are introduced by using a t,,o-sector franework. income effects
are introduced by linking aggregate dellands to \alges aniid prulits and price

effects are introduced by linking prices to costs. Prices will not. ho\escr. ie
considered as perfectly flexible. It is well known (Neisser. I( 42 I that it pri, - react
to notioiial excess demands and s>upplie in a Walrasian mainnier ther tech-

neological change will nott cause unl1emp1lIh)yllolet. InT coiiforlnil\i with the Ke\ nesir
icw of the world. prices will not he allowed to so rect. lhus techlogical

unienlploment is at possibility.
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1, im \itt \t'm)i\ (p. 270i(. the miodel is presented it] me detail. In til' section) %kc
present somec result,, onl thle models, prediction,,s oni th ime path o)f eniplovinent
anld the conditions pvcnn'gteelttle paths. The moodel intdicates that there arc
three imiportaot factors ito coVuider (it the %%age path 60i the diffusion speed (iii)
the technical coetlicienits. fin this section we will illustrate timec paths of cmuplm-
inent under two) ditferent w\age reies, discuss howk the paths will depend on
technical coetilicietits and then discuss how the\ change as the diffusion speed
\aries. We \%ill nott he proving the statements we make. thesec proofs it required

Canl he found inl Stoietianl ( IQs a)

(a ) I/ic fiuuI tvage pot/. Uinder this regi-ne the wage remains fi \ed during
the whole of the tranisiltm at the level prior to the introduction1 of the new% tech-
m)olog\ VWe thent cottsider the behaviour oif crnipiovment in to stages. We min
then %ho that in) Stage I, the staye wkhere both old and newm. capital goods are
being, built and used, that labour detman d will intc rease re Iat i e to lIah u r su ppl\.

In Stage ' where onl\ the new,. capital goo is being produced. but niew. and old
are being used, for higher \alues of t(timne) this increase will conitinuei. H4oweC er
under certain conditions, the ratio of labour demand relative to labhour supply (yt
rnia fall for a perio d, [Tnese ci nd t ions are ne ith I ,in iple to ,fsatc norit c Ia rif -\ In
Figure I the two possibilities are illustrated (although it should be L11lised wkith all
these graphs rtat c(ururs tnay he incorrect for ats vect. I ha~oe not beet] able to
sigrn the second order derivatives im~olved).

The effect of ain increase itl the diffusion speed unider this regimei is to reduce.
1. the letngth of Stage 1. but to inlcrease emphwtnient for all i -1 . It has not been
poissible to fitnd the effects inl Stage 2.

(b) Thet chlnainziptg-tvagi pait/. In this sceniario the wage is lllowed tot increase ats
new technology is itntroduced such ats to keep the overall rate of prolit in the economyN
constant. In Figures 2 and 3 we show two possible time paths for the etmploymnent
ratio. y, predicted frot the model. it Figure 2. hi-at/:- 3~ 1 3- atnd in Figure 3
b a/n 1,7a,<(1/6,

The important condition detertning the time path of emplo\1menlt is the
ratio hialh't', to 131113,. If the new technology saves, relative to the old technolo)gy.
miore labour directly than indirectly ie. it ma\ be described ats relatively labour
saving rather thati capital saving, then the eniplovmcent ratio will italvfall (itt Stage
I1) and thetn rise (in Stage 2). If it is relativ elv capital savitig the employment ratio \% ill
initially rise (in Stage I) thetn fall then rise agaitn (in Stage 2).

T he effect of ain increase in the diffusion speed is to always reduce T1* the
length oif Stage I. However in Figure 1. y, will be higher for all I < 7' inl Figure 2
lower. [In Stage 2 employment will be lower inl Figure 1, and probably higher in
Figure 2. butt we have not been able to prove this latter point conclusivecly.

As one can see frot this brief sutunmark, of results, there are rito sitple
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Figure 1. Employment Ratios: Fixed W~age Path

Employment V

ratio

Figure 2. Employment Ratio: Increasing Wages
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Figure 3. Employment Ratio: Increasing Wages

T t

predictions on how employment will react to new technology. Even though we
have allowed our technological change to be labour saving for a firm (0, > 0:) and
also he capital saving (hia, > h,() we can still illustrate increases in labour
demand. Such is the insight derived from macroeconomic analysis.

3. EXTENSIONS TO AN OPEN ECONOMY

Tiiu RFSL!L i's detailed above are derived from a model of a closed economy in
which all technological change is of the process innovation type. When we open
up the economy to trade we have to consider two major modifications.

(i) If we maintain the assumption of only process innovation occurring then
in a world with trade we must consider how the economy will develop when it is
possible that new type capital goods will he imported rather than produced at
home. At first glance it appears that if new type capital goods are imported then
the employment creating impact of the technology multiplier effect will no longer
operate and thus technological unemployment becomes more likely. However a
simle observation makes one query this reasoning. If new type capital goods are
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to be imported (whereas old type were produced at home) then the new type will
have to be paid for. The only way that they can be paid for in the long run is b
home productioi of other goods for export. Such production Must lean the
employment of labour. In principle therefore, although opening up the econcom
in this manner will aftect our result,, there is no prcstulmptiol that unelIosntCn
is any more likely.

(ii) When we relax the assumption that innoation is only of the process type
and also allow product illnlatiOll. t furthcr set of complications arise ill the Open
economy. I calln see no reason why the model of tile closed eCOFInmy discussed
above should be affected, it is only in the open economy context that the matter is
relevant. Essentially if innovation is of the product improvemen type and the
home country does tot take LP the new technology as fast as other countries then
home demand for consumner goods nlia\ be diverted towards imports, foreign

demand may be diverted away from exports. and foreign hu ers may be unwilling
to accept home goods in exchange for foreign produced new type capital goods.
Such impacts will tend to reduce the total compensation demand effects inl the
ecOlolly.

However the issue one must consider here is to what extent will these factors
be offset by price changes. If the home producers fail to innovate with he\k

products can the markets e maintained by price reductions? These price reduc-
tions could of course be the result of movements in a flexible exchange rate. If
sijch price changes did occur then the impact on1 the home economy vof not
introducing new technology would be lower real wages rather than lower
cllploy Ilenlt.

These comments indicate that work il this area has still got a long way ito go.
but one should not always start with pessimistic expectations on etnlploynilent.

4. THE SPECIAL FACTORS INVOLVE) IN ANALYSIN(;
D)EVELOPIN(G (COUNTRIES

I m I it \I m ii fair way to start any analysis of' the problems facing dteloping
nations in a world of technological change is to characterise them as (a) skill
deficient (h) labour ititensi\c and short of capital (c) dependent ol tile de\eloped
nations as a market for their products and ;is suppliers of techn,)logy and (d) as
followers rather thaii ititioVators. I will also find it useftil to ciaracterise thei a,
having dual ecomn-lies the parts Of which I will call tlie rural a,,nd urban sector,.
Such a view is a characterisation. developing c Ulrtries, do difter front Omle antcother.
Thus for example it may he invalid to lump together the ST. s\siai econiomllies
such as S. Korea with its current boiyani electrical/clect ronic sector with Sri
I.anka which does not have such a sector, bilt as long as this is held in tmind we
should niot be too concerned.
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In I1972 the IL1O published the results of a round table discussion on the
Manpower Problems Associated with the Introduction of Automation and Ad-
vanced Technology in Developing Countries (IO. 1972), In many ways the
issues discussed in that volume are as relevant today as they were in 1972.
There are essentially three issues.

(i) What is the potential impact of new technology on a developing countrv'.
(ii) What barriers exist to the introduction of new technology and can the\

be removed?
(iii) Should the introduction of new technolog' be'cncouraged or inhibited'.'
As far as the first issue is concerned I can see no good reason wh\ the

analysis developed above for a developed economy should not apply to the
modern (or urban) sector of a developing economy i.e. that the diffusion speed.
wage dynamics. trading environment and technological characteristics should
determine the employment impact. It is only once these details ha\e been
specified that one can detail the employment path.

Of course, like all theoretical models the above only provides the core of our
analxsis. but it is worth mentioning that in the I,O Report (op , cit.) at least two
authors are implicitly discussing issues in the context of similar two sector models.
Although this model seems relevant to the urban sector we must still consider the
impact on the rural sector and we shall mention that below.

The second issue concerns the factors that might encourage or limit the
introduction of the new technology in a developing economy. Here the list of
possible barriers is simple to generate: (a) capital shortages (b) lack of foreign
exchange (c) skill and knowledge deticiencies (d) information deficiencies (c)
labour opposition etc. There seems to be little advantage in expanding the list
further here, it is surely discussed more fully in other papers. My own feeling
however is that such factors will conspire to produce slow diffusion speeds in
developing countries and thus we may expect the time paths of employment with
slow diffusion speeds as detailed above to be the relevant ones.

Finally we come to the question of whether the introduction of new tech-
nology should be encouraged or inhibited. Here I want to consider three district
areas

(a) Should private firms be encouraged or inhibited from using the new
technology?

(b) Should the government encourage the use of microelectronics in the
public sector?

(c) Should developing countries attempt to develop a microelectronics
production capability?

In ILO (op. cit.) it is stated that developing countries should use new
technology when "the productivity and profitability of ultra-modern equipment
overcomes the properly weighted private and social cost of all inputs". One
cannot disagree with this statement, but until one has detailed the properly
weighted private and social costs and benefits one has not got very far. Moreover
to provide such detail one needs knowledge of opportunity costs, which of course
is no simple matter. However holding this view in mind let us discuss (c) above
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first of all. It would seem clear to me, looking from the point of view of a
deeloped country that is currently attempting to develop a micro-electronic
production capability, that even with resources of electronic and software exper-
tise available this is a very expensive, capital intensive, risky enterprise. In the
UK. the opportunity cost of funds is probably much lower than in a developing
country (consider for example relative returns to agricultural improvement) and
yet even so such an investment is only marginally desirable. Given this I cannot
see that it is a desirable path for a developing country to follow.

I will take it therefore that the major part of any microelectronics used in a
developing country will be imported. Consider then whether the private firm
should use microelectronics. The private decision will be made upon the basis of
private costs and benefits. Essentially will the use of microelectronics be profitable
given the prevailing domestic and world prices? If the answer is yes then the firm
will use them. The welfare question is, should they be used and the answer to this
ccntres on the social costs and benefits.

(i) What is the opportunity cost of the foreign exchange. could the forcien
exchange be used for more socially beneficial objectives?

(ii) What will be the impact on income distribution? If the use of micro-
electronics creates a highly paid skilled class is it desirable?

(iii) What would be the effects of changes in urban emplo'ment and wages
on the flow of labour from the rural sector and thus the overall
unemployment in the economy and agricultural output?

(iv) What is the opportunity cost of the capital invested in the new machines.
irrespective of the opportunity c ,t of foreign exchanges') Here. the
relatively lower price of microelectronic devices relative to mechanical or
clectro-mechanical alternatives may well argue in the faour of micro-

electronics.
These answers arc unfortunately framed as questions but I hesitate to be any

more precise. Essentially. the decision on the desirability (ot the use o micro-
electronics is one of a country's social objectives. 1h-owever. I might sa_%, thai if the
developing country is trading in world markets then the product inno alion
aspects of microelectronics may well be so strong that no other investlent
opportunity has such low opportunity costs. The cost of non use may well exceed
the cost of use.

When we turn to government decisions on the public sector the same
questions arise again. However the main reason for considering this as a separate
set of decisions is that one example nicely illustrates how microelectronics difTers
from earlier technological advances. That example is in telecommunications. A
basic requirement of any developed nation is an efficient telecommunication
system. Advances in microelectronics have generated systems that arc both labour
and capital saving with respect to old technology. Usually one is discussing capital
using labour saving technologies. In a developing country building a telecom-
munications network, there can therefore be io reason (apart from a high shadow
price of foreign exchange combined with domestic production of mechanical
exchanges) not to use microelectronics. It is this capital saving nature of micro-
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electronics that makes it so appealing to countries that suffer capital shortage-,
(have a high opportunity cost of capital).

If one accepts therefore that there are definitely cases where developing
economics should use microelectronics the next question that arises is at what
speed should the acceptance take place'! The thrust of the theoretical work above
is that different diffusion speeds have very different implications as to impacts on
the economy. I am. in this circumstance, going to avoid answering this question.
despite its crucial importance. All I can say is that it is not necessarily the
case that fastest or slowest is more desirable. Only once one gets much further
into the theoretical analysis of the impact of different diffusion speeds will the
answer become clear.

5. CONCLUSIONS

Iti- MAJORk CONCU.t SIONS to be drawn from this paper are qualitative rather than
quantitative. The analysis of the impact of new technology is not simple nor are
conclusions drawn from such analysis easily interpreted. However. if nothing else.
it is hoped that this paper shows that such analysis must be dynamic, and macro-
orientated. However it also shows that factors such as wage paths. diffusion paths
and techojhgical characteristics are the keys to deriving any conclusions and thus
any conclusions one draws ,ire only as valid as the assumptions one makes on
these key factors.

APPENDIX-THE MODEL

As ONF OV Till K-' MA(TORS to be analysed is the technology multiplier etfect. the
model is a two-sector one with a consumption goods and a capital goods sector. We
will consider only process innovations. aind we will assume that all proccs,
innovations are wholly embodied. Thus to change technology a whole new set of
capital goods is required. We will assume the economy is closed.

We consider two technologies, labelled I and 2. that are the old and nc
respectively. Both capital good, are made wholly by labour (although circtlating
capital could be allowed) but consumption goods are made hy capital and labour.
The technology of capital goods production is considered in this manner for
it yields considerable simplification; however the omission of a capital g'Loods input
from capital goods production will bias any compensalion elects we lind. We
represent the quantity relations ol the two technologie, as follows:

K,, ac, 1.2 (1)
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1. [, h,+bx,, i 1.2 (2t

d K,A l ,, 1, 2 (3 )

where K,, stock of capital good i in time t

( ", - output of consumption goods produced using capital good i in time t
I, labour CmploV.d producing Consunlption goods and capitl 1good i in

time I

x;, output of capital good i in time 1.

We will consider that capital has an infinitely long physical life and there is

thus no depreciation. Total .abour supply will be given by (4).

L !.,,.. (4)

We will consider that at time t the economy is in the process of making the

transition from using technology I to using technology 2. Mid at anx m11o1Ient in
time the two technologies are used in consumption goods production in the

proportions I - 0, :0,. We specify that 19, is the result of a diffusion process the

time profile of which can be represented by a logistic curve (5).

1 + exp(-t " - vt)

This logistic diffusion process is assumed to be the result of forces outside the
model. It summarises entrepreneurs' technique choice behaviour. subsuming
within it their expectations and anticipations with respect to future prices and

profitability of the new technology. The theoretical underpinnings of such a
relationship can he found in. for example. Mansfield (1968). Davics (1979).

Stoneman (1981b. 1981c). The apparent absence from this paper of expec-
tations, profitability impacts on technique choice or explicit technique choice
modelling. is thus something of a misapprehension for these are all presunled
within (5). It is also further assumed that the policy makers can, if tlhe wish.

control v, the speed of diffusion. They are assumed to bc unable to influence the

appearance of new technology (represented by 77 .
We will assume that at any time the output of the relevant capital good is

just sulicient to meet the demands of the consumer goods industry subject onl\ to
x, >1t. Thus we have (6) for i = 1.2

d, (d, If (,x, 1e , dd f r J- 1

Lit 
0d i(f 7)andX 'r ,,(tIt

yielding (7) and (8) for , .

AI-
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1~(1 c, dt9, (7)

0 (0)

where C C1, + ~ Defining g, (I log (;/dt we may state from (7) and (8) that

x ,- if g~, o

x if g, y v(f, 1)

We will consider the transit ion process as the economyN rutes fromt using 0111
technology I to Only technology 2 in two stages. In Stage I both Caplital goOds I
and 2 are produced and used. In State 2 on ly capital good 2 is pro duced but 110th
I and 2 are used. Thus we have

Stage I g, > YO, inmplying x, 0>(I x, > U

Stage 2 g, < YO, imlplving x, = I

We will show that in Stage 2,x -10. We will also show that Stage I alwvays precedes
Stage 2. and that once the economy is in Stag~e 2 it never rev'erts back to Stage 1,

These quantity relations assume that there is only onc t\ype of labour. and " c
are tus asumin no skill differentials. To the extentl thatteeers ewl

assume that onl the job) training can remove themn and such t raining is taken
account of in the technical coeflicients. In this part of the p~aper We ar-e conIcernedC
with the aggregate demand for labour arid not its skill breakdown and thus skills
(and for that matter the geogra ph ical location of labour) are fot all in tents aind
purposes ignored.

(jiven the quLantity relations we will niow, consider price relations. We assume
that because there is no capital used] iii capital goods production. machines are
priced at their labour cost. ILet wt bie the wage rate whiich we will assume to bie the
samne for all] workers no rmatter whatl they are producing or which machines the\
are using. Let 1), be the price of machine I and then we havec (9)

wh, i I1. 2

D)efi ninrg r, ats the ratec of proiit inr con sumpt ioni goos ds proid uctijon fronti thle orse
oif mach inc i. ain(d tlting t Ii con surmipt ion gooid be t I cri inc rarire wit Ii it-rice (it
unitl'. then (It0) holds.

I r , w/3, i I1. 2 (1

For the new technology to bie superior, and therefore for the entr-eprenecur'
change of technique to bie rational. tcchnologx 2 must bie more prolitable than
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technique 1. The superiority of technique 2 can be local or global. i.e. it can apply
for one. sonic or all wage rates. We will assume global superiority to avoid
switchbacks from new to old technologies with changing wage rates. For tech-
nology 2 to yield a higher profit rate (r2) than technology I (r1 ) for w we require
that

bl+ ->h2, and 61-132

with at least one strict inequality holding. We will be assuming, therefore, that
technology 2 is absolutely labour saving relative to technology I (i.e. it requires
the same or less labour in both direct and indirect use). This would seem to fit
both the microelectronics case and be the most pessimistic assumption for
unemployment implications. We have considered the behaviour of the model
when technology 2 is only locally superior but the results add little.

Given the price and quantity relations we now close the model by specifying
the demand environment. We assume that savings can be represented by a
classical savings function with all wages consumed, all profits saved. We have
experimented with a proportional savings function but as Hicks (1965) states, it
sits much less happily in this framework. Defining L, = LI, + L2, we may then write
(ll)

C, = w,L, (II)

Define y, as the ratio of the work force employed in time t

, -- ( 12 )

This paper concerns the time path of y, as the economy makes the transition from
using technology I to using technology 2. Sometimes it is useful to think of this as
the actual level of employment relative to employment on a comparison path on
which the new technology is not used. We may write (12) as (13)

L,I, < ( + b a n)

where C, is the level of consumption in time t which will involve full employment
using only technology 1, in which the natural interpretation of y, becomes one of
employment relative to that on a comparison path on which full employment
growth using only technique I occurs. From (12) we may derive (14)

d d logL, n (14)
di di

From (II) we have (15) and thus (16)
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d, log L+ -d- .-- 150

dt dit w,

dlogy -~ ~(161
dt d w,

To derive g, we have fron (2). (7). (8) and (11) that in Stage I (I-) hod,, and InI
Stage 2 (18) holds

L, ( C, [30(l - 0))+ 13_A +gaA(1 - 190, h,)J I I h.,)

From which it is clear that in Stage I (19) holds and in Stage 2 (20) holds.

I-- v 3(I - 0,)- i,1320, + w,(lb- d- ,

g' = ~w,(amb1 (I - 0,)+ -'- 0)(I;

I (f3(I - 0,) +3 0,) dO, I (20)
g' w~m l:O, j)h Ot dt " ,

From (16). (19). (20) we may thus state that the time path of employment depends
On
(I) The time path of consumption which in turn depends on the time path of

wages
(2) The time path of 0,. the diffusion process and
(3) The technical coefficients of the two technologies.

The time path of 0, and the technical coefficients have already been specified.
With wages we have two possible approaches (a) to model with wages determined
by the excess supply of labour or (b) to consider wages determined exogenously.
We feel that it is in the Keynesian (as opposed to the Walrasian) tradition to
consider wages ex(ogenously determined and thus we take this approach. In
section 2 the time path of y is discussed firstly under a fixed wage assumption and
secondly in a situation where wages are allowed to increase with productivity. We
also investigate there the impact in the two regimes of an increase in the diffusion
speed.

In section 2 we will assume that i = 0 represents the start of the transition
process and at that date 0,, is given exogenously as the proportion of consumption
goods output produced on the new technology. We assume that 0. has been
achieved without any impact on the economy. We will also allow that at time 0.
y, I which from (13) can be interpreted as that prior to time 0 the economy has
been growing on a full employment steady state growth path.
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SECTION 6

Availability and Delivery of Information for
Industrial Development: Services and Systems

Industrial development is the goal for which all countries aim. The
developed countries arc reasonably secure in tie degree to which
their industrial base has been buil up. bul with the less developed
countries the task of establishing an industrial base is an increas
ingl. urgent one. for a \ariet\ of reasons, social, econromic and
political. However. modern industrial development calls for ak large
and growing input of information. This section deals with a v ariet\
of ways in which national. regional and international organisations
handle the problem of making information available to agencies
and irms requiring it. xperience shows ho\e\cr that it is not
sufficient to simply establish information s\sterns and scr\ ices and
leave the rest to chance. A determined and sustained eflort must be
11iOUnted to "market' the information--agan. a \ariel\ of melcals

may be employed for this function.
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Information for Industrial Development

Roch T. de Nlautort
hitred Nations Indunstrial De(,helm ent ()rgi.anioll , (I \ 1)()

INTRODUCTION

ol- fTits st.i(-iIoN is the availabilit.\ and deli\crN of information for

industrial development, a field where information practice would seem to resist
the onslaught of information science. and one where the resources of ad\anced
informatics would find less convincing application than the field of research and
development. This finds its expression in the distinction made between tech-
nological information flowing through systems towards users engaged in R & I).
and information on technoiogies flowing through services to users engaged in
industrial planning, investment and operations.

The former, in the language of acronyms favoured within the UN system.
which it has in common with the professional communitv of information scientists.
is usually referred to as STI (scientific and technological information). The latter.
in UNIDO's usage derived from the operation of its Industrial and Technological
Information Bank (INTIB). will be referred to as IN ike so many clear cut
distinctions applied to n|any-faccted subject matter,. ehicles and destinations.
the one between STI and INTI may well ie ,,cn to be om what arbitrar', with
zones of overlap and feedback. vet in twelve years o activity in the area of
industrial information it makes a lot of sense to UNII 0. Relating this to the
overall purpose of the confer-nce. there will be ,reat, hopes on the part of
UNIDO participants. at the tme when rather long-tin,' perspectives for their
future work in this area arc to he drawn up. as all outcome of the conference to
be able to visualisc for the nt ,o distant future, what added dimension and alue
the resources for informatics may have in store also for INTIB.
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ROLE OF UNIDO

Wrtii;N 'rm. U.Nriti NAHIONS sYsTEri- the United Nations Industrial Development
Organization (UNIDO) is the one with a specific mandate, to further in-
dustrialisation in developing countries, by a variety of means, towards the
quantitative goal of the 25 per cent Lima Target* as well as the qualitative goal
which is self reliance in technological ability to master the industrialisation
process with all its social and economic implications. The means include the
provision of information needed by all engaged in the industrialisation process in
whatever capacity, and at whatever level of concern and responsibility.

INFORMATION NEEDS FOR INDUSTRY

INti iRM\l iN xII)s I. )R IxI. SI R in developing countries relate to ever, sector of
industry, and. within each sector. to any level of complexity of the relevant
technologies. Such technologies may be based on long 'proven* endeavours. or
".,dLanced' and freshlh de\ eloped ones. They may be freel\ accessible 'text-book"
technologies or proprictory technologies patented or not. licenced or not. and
ditlicult to access and implement. Needs. furthermore, relate to all cottage. small.

nldit m or heav\ scale industr\, in the public and private sectors, whether for
countries well on the \ka\ to industrial development or among the LDC's. There is
a corresponding diversity of technological capabilities, industrial environment.
and linguistic %ersatilitv of end-users. Their responsibilities range from broad
planning through advisor\, investment decision-making. managerial, engineering
or marketing functions.

Information needs in industry relate to the existence and availabilitv of
technologies, the state of the art within technological alternatives, and the termr
and Conditions of access to industrial techniques for pre-investment assessment.
The\ also bear upon the \ery contents of knowledge and know-how of such
technologies (their software in the language of informatics). There are needs for
data on industrial R & 1), where telecommunications between inter-active data
hanks and terminals are already helping in the communication of STI to scientists
ald Iechnologists. The. will be for processed information on industry proper.
including information on the output of R & D that may be ripe for full scale industrial
cxploitation. Investnent decisions must be based on clearl\ delineated alternatives.
and industries devcloped from adequately packaged information material.

I 1111 t)cc lial itlon and Plian ot Act on on I ndtfrial I )c clopnct ani ('o operatii in. M arch 10-5. para

2 " I hi share of t)(",, in tot at world industrial production should be increased to at least 25 per
cc'ii if " rild indutrial production In the . ear 2(111 ".
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INFORMATION RELATED TO INDUSTRIALISATION

TIII RI- I iri II 1 II(t ot comprehensively categorising information needs for cc cr\
single sector of industry, such as the twenty sectors in which INTII operates. The
diversity of users and of information needs dcfv the imagination on how all this
can be accommodated in a single system apparatus however much informatised.
Nevertheless industrial inquiries in their thousands ha\e been received and

processed by the Industrial Inquiry Service of UNIDO over the years. The
answers provided and retained on tile for repeated use for similar questions. make
ip an important documentary base relating to a wide diversity of problems in

industry, classified and recorded under subject files, and are dealt with on a
formalised data bank (LINK) which also accommodates listings of institutions acti\e
in the area of technology and industrial information.

At the time when world-wide subject-centred data banks were being set up
within the UN system-INIS by the IAEA. AGRIS by FAO. cc,-some thought
was given to providing bibliographies. and also to obtaining industry-related
references or abstracts from central input points in each countr\. An acronymll had
even been produced, INDIS for Industrial Development Information System. What
eventually resulted was a data bank of abstracts of UNIDO's own reports. studies
and publications. l0).tH) to date. retrievable with reference to a thesaurus of
industrial terms developed by UNIDO. kept on tape and published as a series.
Copies of the tapes are a\ailable to centres in dceeloping countries with adequate

computer equipment. Requests for short lists are processed by UNIDO and original
documents from these lists are made available. There is no intention now to emulate
INIS or AGRIS. The acronym now designates the full range of classical industrial
information services offered bv UNIDO. in contrast to INTIB. the Industrial and
Technological Information Bank.

Among those long ongoing :,-vices is the circulation, to some 30,(t)O readers.
of UNIDO's Newsletter in four languages. all listed on a computerised mailing list

allowing for the extraction of short lists by sectors and special interest for the
mailing of documents of corresponding relevance. Likewise on tape and retriev-
able by sectoral categories is a roster of industrial consultants, including con-
sultant firms from developing countries, the numbers of which are increasing. A
similar roster of individual experts wi!ling to offer direct services to developing
countries is being built up,

THE ROLE OF NATIONAL INFORMATION STRUCTURES

WHATEVER THE NUMBER of inquiries processed at UNIDO, their absolute number
will, of course, only represent a small percentage of those questions that either
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remain unanswered. or are not perceived as problem areas if) dcxeloping count-
tries, or that find their answers fromn local services. Strengthening the latter is part
f U.N IDO's task, and over the years numerous industrial information facilities.

oriented towards industrial planners and operators. i.e. with end-users of in-
formation rather than towards their documentation function, have been set up or
adapted ito industrial requirements with technical assistance from UNIDO. with
expert advice on site and training of industrial information officers. In fact, there
is no substitute for the establishment of national information structures with a
growth function.

In man% developing countries, successful industrial information structures.
and exeni regional networks, like the Sinifgapore -based TECHNONET. are in
operation. H-owever. these mainly service the small scale sector of industry, rather
than medium scale, which is often the most tech nologically sophisticated. and the
heavier sector. These sectors need to be served by' groups of industrial in-
formation officers w.ith poix technical training coupled with a grounding in the
economics of industrial enterprise: efforts will be made to develop a consciousness
of this necessity at the governmental level in developing countries. %Much has been
said and written on the necessity for dcxc I pi ng co unitries to deiop informnatioin
policies, ats part of the responsibilities of government iii education. science and
culture, It seems, that more will have to be done about stressing the information
C01orn nlt of industrial, agricultural and] other sect ira I pol icies. and. ats far as
L I Ox is coricertied. to persuade mninisters of industrN that information for industry
is a necessar, 'conioditvy. as pointed out by the International Federation of
IDocumfien[t ation.

UNIDO) WORK ON INFORMATION FOR INDUSTRY

Till. List x Pi \s. on Aut tios remains the charter of UNIDO's w~ork in the area of
information for industry under wvhatevecr acronyms it hats been described in the
Directori, of UN Information Systems. This hats beetn updated and complemented
by a subsequent decision of the Industrial Developmntt Board and the UN (ieirral
Assembly and is bound to be marked by the establishtnent of at global network for
the exchange of scientific arid tech nological information ats an outcorie oif the
V'ienntla Programme of Science and Technology for Development.

The Lim,- Plan of Action which set the 2,; per cetnt taret, endorsed the long
range strategy of UNIDO)( that the industrial information clearing house fuinctionl
of UN IDO) should be given priority and that an Industrial atid Technological
Information Bank should bec considered.' Because of the great diversit\ of user

I ima I )ct lraiioii anid PIan oif Act ion on I ndrrstrrai t )e~ el,,prr rIfMd (0-r )lper Ion Mar01 ICh t19-1. Chiapt Ir
III: ( o-operalion between cet opinfg arnd dev\eloped co rif t ries: J)The I)( s sir u d bie granted :rcccss
to t echnotogical k norw-ho\% arnd adivanced techrnlog ... (k I Approrpriate nicastire. i nctuding coin-
sideratinin of the estabishnnent of anr inidustriat and tech nologicat irnformnation bank. %houtd be r aken toin
make asaitabte a greater flow it) the des eloiping coruntries of infornmation permitting the proper setoion
of ad iancefd tech notoigiec
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needs, the original INTIB terms of reference have been extended to relate to
co-operation between developed countries, and also not only to necessarily
advanced but to 'proven' technologies (the degree of appropriateness being
perceived by the developing countries)- also to relate to individual technologies
rather than to comparable generalities on those available.

An important outcome of the New Delhi Forum on Appropriate Technology.
November 1978 has been the introduction into INTIB of not-so-advanced tech-
nologies. At present there are also plans for holding a Forum devoted to
technological advances and their implication for industrialisation. UNIDO's in- )
terest in this present Conference is part of this trend, as has been the holding of
other recent expert meetings. The forthcoming (August 1981) UN conference on
new and renewable sources of energy will draw attention to this complex sector.
which has been dealt with by INTIB for a long time. and has also been the subject
of a new venture in UNESCO's programme. Inter-agency co-operation. parti-
cularly active between UNIDO and WIPO, making the most of the information
content of patent descriptions and furthering co-operation in developing countries
between patent offices and information services will continue.

INTIB - INDUSTRIAL AND TECHNOLOGICAL

INFORMATION BANK

IN AN IDEAL SITUATION individual countries would be able to do without UNIDO
and INTIB and to develop their own external development relations. The tools
for this are manifold, UNIDO provides Guides to Sources of Infformation in
individual sectors of industry the world over, with emphasis on sources in
developing countries. UNIDO, with the operation of INDIS and INTIB, draws on
such sources, some of which are part of its "Network of Correspondents". A
Directory of Industrial Information Facilities in Developing Countries will shortly
be issued and disseminated throughout developing countries to facilitate direct
communications and information exchange.

A brochure describing the working of INTIB and listing the 2(0 sectors in
which it operates is available from UNIDO. Designated as computer supported
scrvices, they do not Vet contribute much to the furthering of a world of fingertip
access to blue-prints and technological know-how that the resources of advanced
information science and "telematics'" (to go one semantic step beyond in-
formatics) will bring about. But in UNIDO there is clearly perceived a challenge
that might force reappraisals upon us. new formulation of future programmes, and
if light can be cast by the present Conference on this challenge, we shall be
grateful to it and have one more reason to co-sponsor it than to publicise our
Industrial and Technological Information Bank.



oUN University's Role in the
ODissemination of Knowledge

I. Wesley- Tanaskovic
FCC t Inited ,Nations Uni'ersity, Tovko

INTRODUCTION

Tt CH.\RI-R of the United Nations University was adopted by the General
Assembly of the United Nations on 6 December 1973 (resolution 308I/XXVIII).
The following articles are considered to be important in the contcxt of dis-
senination of information and the relief of intellectual isolation (key words are
shown in italics):

I. The United Nations University shall be an international community of
scholars, engaged in research, post-graduate training and dissemination of
knowledge... it shall function ... through the central programming and co-
ordinating body and a network of research and post-graduate training centres and
programmes located in the developed and developing countries.

4. The University shall disseminate the knowledge gained in its activities to
the United Nations and its agencies. to scholars and to the public, in order to
increase dynamic interaction in the world-wide community of learning and
research.

6. The University shall have, as a central objective of its research and
training centres and programmes, the continuing growth of vigorous academic and
scientific communities everywhere and particularly in the developing countries...
It shall endeavour to alleviate the intellectual isolation of persons in such
communities in the eveloping countries ....

To summarsc.Xhe mandate of the UN University is, among other. 'dis-
seminating knowledge' through 'networks* which would by 'dynamic inter-

294
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action' contribute to the growth of vigorous academic communities in the Third
World.

In its first five years from 1975 to 1980 the UN University has been organised
into an operational institution with an extensive, international system of 19
problem-oriented networks of scholars and institutions engaged in research.
advanced training and dissemination of knowledge. as stated in the UNU Council
Report for 1979-1980.

The group of experts who met at UN University headquarter, in early 1977
to consider the University's appropriate role in the dissemination of knowlcdgc
eharacterised the problems it faced ...

"Surveying the field of scholafslp as a whole, we see groups and individuals
scattered all over the globe. They usually know little of what each other is
doing, outside of their particular country. language and discipline. Their
grasp of sources of information is often seriously incomplete. Their access to
policy-makers is more or less distant. They' tend to write for a few colleagijes
in a language too esoteric for the general public or ccn scicntists in other
disciplines. As the generation of knowledge accelerate,, it take, longer and
longer for new knowledge to be diffused and applied".

'It is often assumed that once new knowledge is available it naturally
flows to useful outlets: in fact, the reverse is more frequentv true-much of the
world's knowledge lies unused behind dams of ignorance. indilercnce and
inefliciency. A particularly crucial problem is the imbalance in the sources
and distribution of knowledge, with far too little coming fro m the Third
World and reaching other developing as well as industrialised countries."

DISSEMINATION ACTIVITIES OF UNU

Tin: UNIVI-RSiI'S IS.NSIMINAII()N of knowledge activities have thus far rcpon
ded to the concerns expressed in 1977 mainly in two more or less traditional ways:
publications and meetings (workshops. seminars and symposia). The IUni\ersitv
now publishes two regular periodicals, both designed to answer specific needs in
their fields. One, which may be interesting in the context of this ('onference. is
called ASSET, which stands for "'Abstracts of Selected Solar Energy Tech
nology". This is a secondary publication produced monthly in cooperation with
the Japan Information ('enter for Science and Technology. the Technical In-
formation ('enter (DOE). USA. and the Technology Application Center (NASA).
providing computer files and/or documents.

Intended mainly for Third World scientists. it abstracts publications on solar.
wind and other forms of renewable energy which are of special relevance to rural
communities in developing countries. The wealth of information collected in
ASSET could be processed for wider dissemination.



2 6 INFORMATICS AND INDUSFRIAI I)EVEi OPMFNI

It is issued to 550 scientists and engineers in the field of solar energy
technology in 84) developing countries, and provides up-to-date information on
renewable energy sources applicable to their local situations. In turn, they can
send their own papers to the ASSET office for abstracting. thereby creating a
self-generating information network.

The University's knowledge dissemination efforts are not limited to pub-
licatiolis. Much valuable information is also generated and disseminated in the
manyv workshops and other meetings which the University organises throughout
the world on specific topics of timely importance. such as alternative energy
strategies for the future or appropriate transformation of technology for develop-
ment. These meetings bring together scientists, engineers, policy-makers and social
workers from many regions for an open exchange of views. During the past year.
the University sponsored some 78 meetings. in 25 countries, with sonic 1500
participants. The University's series of technical publications include the proceed-
ings of workshops. seminars and symposia in addition to the reports of research
projects.

As may be seen. these are traditional information transfer activities cen
when based where available, like ASSET on computerised information retrieval
services. Thus, informatics. meaning the rational and systematic application of
information technology* to social problems. has not yet been implemented by the
University in its world-wide sharing of knowledge. However. one has to recognise
that several attempts in this direction have been made, but they failed so far.

LINKAGES BETWEEN UNU AND ASSOCIATED INSTITUTIONS
AND SCHOLARS

THF I INKAO-S i SirAm niSm-i bV the University with associated institutions and
individual scholars through its 19 operating networks, provide a means of com-
municating knowledge far more widely and rapidly than the traditional route of
publication and seminars. The networks should provide opportunities for scholars
to be in direct touch with colleagues in the same field elsewhere in the world.
sharing information as research progresses. The potential of these networks for
research communication cannot be fully exploited unless much use is made of
informatics and 'telematics'. In the future interconnected computer networks will
enable eflicient research cooperation and scientific information exchange spon-
sored by the UN University.

Possibilities for doing this with the help of digital networks should be
assessed by the University through feasibility studies or surveys of existing
projects in the field of computer-assisted remote team research and infor-
mation exchange. This is crucial for the survival of the traditional networks
established by the University.

0111111
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FUTURE UNIJ I)EVEIAOPMENTS

%Itt1 RI%.AINs to be done h% the Uni crsit\ in the dissemination of kno-w

ledge, but on a potentially larger dimension of relevance to this Conference. I
would wish it tutline some on-going processes in the UN University.

From 1979. a review of the initial programmes of the University ha, ricxalcd
the strengths and weaknesses of the programmes and their potential for further
development.

Out of these evaluations and prospective exercises, one of the major themes
emerging is the specific role of the LIN University in raising the level and
comprehensiveness of the world's review of knowledge and information on
science and technology and examining their practical implications and their
socio-econonic and cultural impact on different kinds of societies.

In beginning to study this major theme, it is tentatively envisaged that the
UNU will organise reviews on the state-of-the-art and the state-of-research in a
few selected scientific areas where breakthroughs arc taking place. atre imminent.
or are likely to occur in the next decade or so. Examples that cole to mind are
energy, communications and molecular biology.

To undertake the state-of-the-art and state-of-research assessments, inter-
disciplinary panels would he needed in which natural scientists and computer
specialists will be joined by social scientists and humanists. Specific papers in
sub-areas would be commissioned and the resulting reports could serve as a guide
to researchers around the world and become a basis for the next step of
examining their implications and their international patternis of relationships.

Alternatively, the UNU could organise research with a prospective view oil
selected global issues, such as the issues of the computer age or of the nuclear age.
Among such issues are those concerning the access of all countries to modern
information processing, the patterns of centralisation and dependency consequent
on computerisation and integrated energy systems development.



0The Role of Data Bases in

Industrial Development

Andre J. Michel

Ititergovernmental Bureau for nformaics. Rome

THE CONCEPT OF DATA BASES AND ITS RELATION
TO DEVELOPMENT

At IHItioi ri'f P1tRAS 'data base is no more than twenty years old. (origin: the

military systems developed for processing great amounts of data together with
operations research), the concept in itself is much more ancient.

Indeed. all through the history of Art and Science many scientists and
philosophers have been tempted to sum up. at one time or another, all ac-
cumulated knowledge in a reduced and organised format (encyclopedia) to make
it available and retrievable at their fingertips.

In fact. the concept of data bases has implicitly inspired the computer
manufacturers from the very beginning: i.e. the production of magnetic drums.
disc-packs, the famous IBM *data-cells'. etc.

Data base management is currently the object of very sophisticated studies
giving rise to a great amount of literature. This situation could be compared to the
mathematician's study of abstract algebraic and topologic structures geared to
help the physician and the engineer to solve their problems.

The data base is in fact a data-structure and therefore an information
(knowledge) structure. There is no possible economic growth without knowledge
and no economic development (industrial development i without economic gro\wth.
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THE INFORMATION INDUSTRY

Tlil- If(AIIN)I.0(i(SI(C CONVER(iFN('E of computers and telecommunications makes
information travel like merchandise. Well packaged information can be carried.
distributed and sold. This sector of activity is in full expansion and the description
of the corresponding economic agents is a classic one: the producer. the server, the
carrier and the end-user.

There is a strong analogy between information ;is at resource. and encrg.
resources: geographical localisation-extraction-packaging (data base -- Irans-
port-distribution-marketing.

The only differences between the two kinds of resources are the following:
information is not exhausted by duplication and energy resources are. for a grcat
part, not renewable.

INDUSTRIAL DEVELOPMENT

I r ,IAY FIB RF('AI I D) that:
(1) The success of the industrialisation of decloping countries is based on:

the acquisition and mastering of the new% technological process:
the capacity to adapt and innovate technical and organisational changes with
a view to increase productivity:
the possibility of having access to engineering consultancy.

(2) Technology transfer to de, eloping countrie, is channelled by:
the importation of manufactured goods
direct investment by transnational companic,
consultancy
training
turn-key projects
licensing, etc.

(3) Industrialisation is not only the importation of technology but also the export
of manufactured goods and/or services in order to get a foot in world markets.
Whatever facet of industrial development is considered among the three quoted

above, information appears to be the primary fuel for the decision-making
process. Numerous data bases exist for each sector.
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ONE MORE STEP AHEAD

'I u\tIs i ,;fl' i 1s I) Ii ta bases pro vid mo nt re than simple biblIioigra phical o r
factual informiation. Thec' arc. in fact. interactive models based oin comiputeriscd
ahgorithnis answering, through an on-line terminal, like an intclligcnt consultant It
wouil d do. somlle corniples quest ions of in dust rialI appl icat ions.

hIor instance: I
mapping the Su tIPl v and de inand oif tech n utug at worl ini cvc I:
displaying thc best licensec for an industrial plant in given geopolitical

Hi di tli Hs;

estimating the PERT-cost of an industrial project inl any part of the world.
Industrial consultancy is hecoming more and more a type of 'artificial

.1intelligence' thanks, to advanMces in data 'base oirganisation.

INDIGENOUS D)ATA BASE

I1t1 1 liNtot IS 01 data base managcment systems must be transferred to the
professionals in developing countries.

Indeed. in building national data bases. the prtofessional in dieveltiping
countries will create essential tools for:

raw data Collectingt
developmnent pla tnning and forecasting
ev'aluation of a strategy for development

in all sectors of the economy%.

CONCLUSION: A NEW INTERNATIONAL ORDER
FOR INFORMATICS

Till IFt'NiAI ANUFFi SHARI oif itnformation resource atl world level can be compared to

the unbalanced share of g~oods and energy resources. The inescapable conclusion
must be that developing countries. with the aid of developed countries and
internattional agencies must work towards better access to thle existingz netwvorks, of
data bases
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O Delivery Mechanisms for Industrial
$4 and Technological Information in the
in South-East Asian Region

Leont V. Chico
7Technonet Asia. Singapore

/

A REGION OF GROWTH AND DEVELOPMENT

SO)tTH-EAsr AsiA is the fastest developing region in the world today. In terms of
economic growth. the combined GNP of the countries in the region has increased
annually by over 6 per cent in real terms during the last ten years with some countrie,
recording double figures. This growth has been remarkable and in spite of various
world crises. The future of the re2ion is one of great promise and high aspirations.

In spite of this rapid development, much of the population. particular_ the
rural communities remains poor and. except for a, few countries, basic needs for
food, clothing and shelter are not adequately met. The great majority of the people
live in the countrvsides where life for vast numbers is a question of survival. Many
migrate to cities in search of jobs and a better life. but there is not enough work
for all of them. The problem of unemployment continues to be one (if the major
problems in most of South-East Asia today. This is simply because over 5

per cent of the increase of the world's labour force during the 19)7(s has occurred
in Asia.

Mostly dependent on agriculture and their mineral and other natural
resources, many South-East Asian countries have opted for a blanced agro-
industrial development. Industrial development has been thought of as a means to
employment and eventual prosperity, Many are seeking the establishment of
industries that will be labour-intensive, that will pioduce substitutes for imports.
or that will produce goods to meet the quality standards of international trade and
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canl coimpete III espItII marL~ k1 5 l's lcC dCh iie coulitri es. with rapilk.
erokIIfI ) )n ) poulti&it lIIIkII anI iiAdq.tIc C I L- it ItIeC, ha' I c ci\ ell Ili ich prioritv to
the p~romoition antIdeclpirt 'If niiI.1 llod neILruI. 1 S-ic Ii~ItlUtries- --- ft conm-
pIentIIII the caplital-si\ III'- tc.hol,ei, tlit t inc hioucht Ili Ilk lar-c enterplrises.

B~ ut smahll IntIIstrNIes ire 011Ite iiictt1.Is 1CC1.C becus of C lac C (Ik of ecnioccal'
kn,%shok, . ]hlck. Meirc C 1te -sddledkit hfl eC\LsNi\ C0cots Ilart icuI LarI\ t hrough,
wastage or unpropert use of ras\% mtaterials or because their pritlu[cts are of low~
LillalIit\ dueI to poor methIllods of p rodluct io)n, -1o o\ clrcomec these problems anld-,
meet the objectikces. industn needs techi nlogical ads ice: and information. Quite'
ofteiI. such ads icc or infornmation ieeded is at aI %r\ basic ick cil it i not a
Cquestionl of' pro'kiditie aId% anccd tchniololcs .but of having an experienced
ciieaiiccr or technician look at ai Plant anld nnakc suggestions that \kill inipros e the
processes or the products. Of course. these encanecers or tchnlicians must hao e;.
access to modern industrial andl tcchnolot-ical itilorniation on at national.
recional and internaitionailIt lci -Ii order to up'-'radc their csplcrtisce and he

lfcctis e.
IA 'total" alproach to proniotin2 the cstabilishnicnlt of siiiall busincss, require,

that modern techniolog\ tie accessibile to themn. (jenerallk, lacking in- technical
e\pecrtise to) sols their problenils. small enterprises, require aissistance from
inform at ion ceint res aniid in duist ri a Ie\ t ciisi m se rsices. Gsern men ts canl also p Ik
an itmportanlt role Ii promoting the t vpes, of techriolocies consistetnt wkith
des elopinen t goals aiid stimulate their transfer h-% proiidingc incentis e schemes.
Tlhe sharitic of tech nologo - of processes and espert Ise -amtig des eloping
countries could lie ellectis e inl upg-radiiic the capabilities of small etiterprises.
[-his is, not to sas\ that techiiologies from in dust rialised countries cannot be,

.atLapte[d to0 sutit the iieeds, of stiiall husitiess inl deeClopinlg coiutries.
The ahoks c premise %%as a major rationale for the development of various

niechanisnis, atid organiisatiotiS devIoted to industrial and technological itnfor-
tnation. in particular, for itIdustr\ and, in general. for other sectors, ill the
de loptnj11iciit process. ilie followitig section described somle of these mechanisms.

REGIONAL. ORGANISATIONS AND MECHANISMS
OF ENGINEERING AND TECHNOLOGICAL

INFORMATION

JF'UNONFi ASIA (A.siamt Network fo(r Intdustrial lielmioiogv Infourmation andi
Extiension): Often referred to ats an *experiment in eooperatioti and in the
sharing of techtnology, TECHNONET ASIA is a eooperative grouping ('net-
work') of thirteen Partieipating O)rganisations in tell A~iati- Pacific countries,
which aimis at inmproving the quality and efficiency of prooutiion ini those coun-
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tries' small anld nICitiu sCc industrial enterprises. Particular Cllpjhasis is g~c
to thle applicationr of krnk~ledge coniccinin *v krio\%ni processes. methods, tech-
111Ilifes. C(LIIpi)MCnt. modifications and approaches lo Ceistili. tperattoni., effected
b\ the transfer of technical information. pro\ ision of irkiustrial ci~tensiofl scr\ ICC.
tile promiotiont and dec lopmcnt of jndIgcn ius entlrepr-eurs and ness enlterprisc,

The countries and organisatiolls inls eid are thle following2:
Banigladesh fltingiilt,41 small iand ( offai Indiustries ( 'orporfaon (M Ut(l

Fiji lii N\ationzal raitiigi. ( 'oii U (FN (N'(
H ong IKong I/itc Iliiig Kong~,~ IProi iitv ( 'OtIre (iIKP(
Inkd in esi a Oirek I' raf .Itiih'ra ili ldiri lKei d. I )t iru i e ritidu fri i U,(11r -

ii raftt (ietrl f , r Smiall Imnheqrit's. Aiwiarv of Iniin,tr ) (DlP DA)I 1K
Korea Koi rea Scietfic a ithIlei i"~cno i/ial In1fo rmatio'n ( n iare (lK(C )RS*I R ' I

Smpall aid~i Meiumo Ibilirv Promotion ( 'Orporafioti (S\IC
NIa las si Stan ida rds anuid InduiistrialI Re se in i lail hm of A i a vs ja (SI R INI)

Maji\ Aoitntih raa r (NIARA) ((ot. 11ie of Irtot for Iiu~loms
People

P~h ilippineis Institute f ir Sm all -Sc ale, iiti .e I 'iiiirsif o f il( Pb flipf imc JI'l.P
ISSI)
1 iiins,/itI lDeiebqnnent I-eiindaioli (FID)

Singsapore Sitigiipi re Insfitute oif Sfiimla ril and lIntt iril Re'w a rib (SISI R
Sri 'I -ank Inustrial I )'ieb ipmnt Bo! i ard ID)
I hailanld ltepartnent of lnivasril IPronmotioni. Mijnisfr of bluit'rv (D)1IP)

Alhc ictssirk started inl 117' \hCnI tile Inteirnational IDcs lopmierit Rescard,
( 'ntre (IIR)R of C'anada agreecd to proside support for at pcriod of tiic c ars. It
br1oLught together eight iirganlisationls inl tell Asian coutrties -later es~panded to
tile present thirteen organisatiiirs inl tenl Asian-Pacific countries -into at rietork
lii idust ri al t cch ri logi, in fo rmrat io n an 111 i en siil inse riices. SpuLIrred h\ tile

tucLccsN ot its progranms. thle oreanisation was registered ;Is ani officiaIl anid legal
Clniri\ in .IJiiuari, 19)80. lleginrilng inl t1980. tile C ainadiall Iiterniioiial Di~eelop-
merit NAgenc\ (( 'ID), through its Industrial Cooitperation D~i\isii. has, assumed a
ma or role ili supporting 'ITC HN( NFi ASI A. IDIR( ' hoes er. continues To
N11ppi rt at su bstait i al port ion of the organ isat ionils I 980 19)83 butrdget.

InI addlition. Participating O~rganisations make annual1 contrihutionls to
I-I(VIN( N FT and provide counterpart support ill its act isitles. [he assist arice

oif tither donor agences anid international orgarrisatiiirs has also beenl sought onl
specific projlects. notaly that tof thle Japan Initerna~tioina;l C oopcratiori .'gencN
t.ICI( .\\ shich hais provided tfinds arid espertisc fur joint rescarch on thle smlall
and rmediumi scale metalworking industries anrd other related activities. Ses eral
jinrt activities have also been undert akeni with the UnJrited Nat ionrs Inrdust riaIl
1)ei ellprielit COrganiiatior (UNIDOC) anid its, IidILstrial and Technoilogical Inl-
formation Bank (INT111). TFUHN( NIFI alsoi has liniks with solnic ,i\l\ other
co ope rat inig illst itutIIioins wo rld wide.

'IEC 1NONFi Centlre. located inl Sinrgapore. acts ais thle focal point for the
nietwoirk. It is headed by atn Fxectitive D~irectoir selectedl froim onle tif the
Participating COrgan isat ionrs. 'The heads (if' the part ici pa ting iz rgaisa Iio ris.
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together witIh Ithe Fsccimc D irchr o. comprise thie ( ounci I oft the( 'ertre. The main
act it itics Includes

traiIIle~ (1t II)ILlirAl dCx el0pIIICii 014tlIcet
N1 rengthcieni itit lti.,I I ( technical ilt rmai Ihi mi fough 'direct inet" orkiiig

C~4noii \Clhailge! AI tchc11al eilqiiries among participating organisations.
L stabii1',hine! hlks W~ith specialised te.Chical Iintorlinationl sources:
LI1,iclitiin intechange1I! Oft C\teil'it~ii aillilt nOrn~aion per VIsonnel:

finx Idl [I , L! clci ii 'Cix ICC" StakC-(t-1Ih-art: retrets appropriate
piuph lets. ii in' tlc.
tAicilitainIW izsC r'ti and -,hill 11n of appropriate technolotgies.
aiss Ii g it? pit4? i lli! Ai? reprcne rxh1111S i .etaJ s e netirdi sad
joint %.C11tiltcsv

Since it', Inception ill 19'3, much improx edCL technIicall information sert ces (ort
mnal 'Ind nneIIIIuII scale inldu'.tr have been establishcd inl thle IIWIINONT]1

,netxxork xx hich ,III)\ has' LomnputrisedI'QL sen ices inl sex en partiCipating orgallisal-
tions. lurthcr. the network is seeking more eflectixt e xxavs of facilit; tine fihe floxx

t echnlical miformat ion It r induist ix. of Asian origin, between participatinge
4 rgaliln'nt i4ins antI o t her in t erest ed region al bo dies, Thle T chcliial i I ill mat it m

Sert ice of (lhe National Research C ouncil of Cannada (NRCi'TIS) hacks Uip
IF1( 'I IN()Nl:I'Is technlical information needLS whenI the inforniation it hats access
to is pertinent ito Asia. L inkages w\ith other international sources of information
iax e also beein effected.

11(1 IN( NET relies heavil\ onl the 'huniaii element' inl the dcliver\ of
technological informiat ion. TIhese are at group oIf 1500( industrial extenIsion anld
informiatioii otlicers. who are constatIt lV inlve1d inl factorx' visits to. solve prob-
leins onl the shop floor. They also act as -processors' of technological information.
interpreting andt adapting it it) the needs of small factories. A quartery TEC--
NONEI D~igest keeps participating organisations informed onl the latest tech-
nological developmecnts inl countries withiin and outside the iietwkork. Over 301.1(I
eases are nlow beinig handled each year wvithin the inetwvork.

the aegis of -rcNN I a salse og~ de meu oti
emrigprofession. L ocal chapters, have beein formed in countries within the

inetwork . Annual awards arc given to outstandiing industrial exteision (dceeop-
nient) officers wvithin the network.

API'ROTE( M ASIA (Asiatt Alliance oif Appropyriate 7Pd~'~ovIraciionerx 1:
'his is a new nmechaniism set up early in 198t0 during a meeting of the Appropriate
Technology Delivery Uroupl which was held in Banigkok. Thailaind. TEFC1H-
NONVT ASIA acts ats its Secretariat and initial support has been granted bY A T
International (Washington, D.C.).

APPROTECH ASIA has been formed in recognition of the significant work
underway in Asia to increase the access of the oprtunity jf)or to techinologies
and processes appropriate to their needs and expanding capacities. Sustainiable
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self-development through widened access to opportunit\ is the common objcctis
of member organisations. The organisation is a regional appropriate technology
ser ice meichanisml composed of institutions, formial and non-fornial groups. and
itiiiduals esperienced in appropriate tcchnology issues and incorporating ap-
propriate technologies in successful de\elopinent aLtisitie,. On a regional l cl.

APPR(YIFUIH is intended to:
promote cxchange of processes. technologies. and practitioners amongst
tctis c groups.
promote the discussion of appropriate technology issues, and adsocate
government and inst ittlion1ial policies in support of appropriate tech n lgy

activitics:
become a focus for evaluating, screening and disseminating appropriate
technology- related information
link appropriate technology groups with other professional organisations
seeking to adsance appropriate tcchnology interests:
encourage deselopnient of national alliances of appropriate tech nology prac-
titioners:

On the global level, APPROTIECH is intended to:
aggregate useful regional appropriate technology experience and expertise
for wider use and application:

serve as the Asian regional afliliate of other development organisations as
may be requested:
seek access to appropriate technologN experience in other regions of the
world while providing those regions with access to rele\ant Asian

experiences.
The initial countries and organisations involved are:

Bangladesh Gonoshasthava Kendra
Village Education Resource Center
Bangladesh Rural Advancement (Conmmittee

India Centre for Science and Environment

The Bihagavatula Chiaritahle Trust
Indonesia Ya vasan Dian Desa

Ya vasan Indonesia Sejahtera
Malaysia Institute Mas 'arakat Berhad (People's Institute)
Philippines Philippine Center for Appropriate Training and Technology

Philippine Business for Social Progress
Philippine Women's Universit-v. Barangay Technology nCenter

Manila (oninunitv Services. Inc.
Sri Lanka Lanka Jatika Sarcodava

(omttatnity Developnent Servicev

Thailand Community Based Appropriate Technology and Development

Services Population and Comnunity Detelopnent Associanon.

APPROTECH proposes to undertake the following information activities:
Finance distribution of member publications, periodicals. etc. to other mem-
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hers. and seek out non-member publications of special interest to members.
C'ompile reports (n appropriate technology as a means of learning about
effective technology transfer etorts.
Work with TECHNONET participating organisations to expand thcir services
to include topics such as technical assistance, appropriate technology in-
formation. etc.
Provide technical information scrvices norinally available to TECHNON-I
participating organisations.
Assist in developing regional and country strategies for enhancing appropriate
technology activities and promoting appropriate technology concerns.
Bring together rcgional experiences on: overcoming obstacles to appropriate
technology, improving the intermcoiarv function of development organisations.
and passirg on knowledge at grassroot level.
It is too early- to assess the impact of this new mechanism. The record of

individal members in delivering appropriate technologies. particularly to the rural
poor. speaks highly of the potential of the new grouping.

A.P() (.AsiMou Protuhuit ()rizisation): This is an inter-governmental organi/ation
established h convention in Itil by\ several Asian eovernments to hasten their
respective economic dcclopment. It is non-political, non-profit making and
non-discriminating. AP() aims to increase productivity and accelerate economic
des lopnerit, in the Asian region. b mutual cooperation. It seeks to realize its
objective by:

propagating productivity consciousness
disseminating modern productivity knowledge. techniques and experience in
airiculttirc. industry and secrvice sectors.
Membership is open to all Asian governments that are members of the I.N

I-cononic aId Social ('ommission for Asia and the Pacific (ES('AP). Govern-
ments outside the Asian region may become Associate Member,,. National
Producti|itV- Organisations (NPos) in member countries deal \with national
productiv-iy actisities. The\ also act as implementing agencies for APO projects
and participate in A.P(Ys multi-country projects. The Heads of NPOs meet once a
year to exchange experiences an( to review and work out project and im-
plementation details of APO's programme of activities.

The Governing Body of APO is composed of Directors appointed 17 memvber
gi\crnments and meets once a year to decide on policy matter,,. The Secretamat.
headed by a Secretary-General. is the executive arm of the loverning Bod\. -'he

Secretariat is drawn from qualified persons anongst member countries and i,,
located in ' ok.\o. Japan,- 'he informalion programme of APO includes:

Propagation (if producti\ity consciousness and projection of the AP) imagce.
mainly through distribution of publications (including the monthl\ newsletter.
A IN) N''% ) among mnmber countrie, for dissemination and tuse in their o% %n
programmes:
I)issemination of productiity knowledge hy means of technical publication,
(in management and technology fields) through commercial booksellers:
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( ulipiIan i it'lO a catalogue if an dio- vi snat mate ri aI po ssessed by Nat inal
tiroduct i~ity O rgzanisat ions (N P( s). and of t rainingz manuals developed by
them:
Periodic lnietings of NPO( informa~tioni officers: these guarantee co-ordination
betwveen AP( s and NP( s and provide a toruni for reviewing and streng-
thening the infoirmatioin programmei:
Provision of technical expert services iii the de~clipiit. product ion, and
etec tiC Iitit iSa lionl Of au~dIO-v iSUat aids:
Referral of teehnieal inquiriest I tNt I)( ) or to appropriate member countries
for assistance.
AP( ) is Considered ito be a major iiistrunicnt in bringing about productiN its

coniscliusness ill the A\sian region and has efleet ivel% prompted mutual cooplera-
til n anion g memiibe r couin t ri es anid with tither organ isat i(ils.

R( -1-1 (~Reio~j~nal ( 'etlrfinor l1tu/inioiop Tran.sfe(r : This Oirganisation which w~as
established in Bangalore in J uly 19~77. views technolog% transfer as a comuprehen -

sive process involving the tranlsition oit techni~logy from its des elopment and
vceerat ion through effect ive iffsion51. and i appropriate adapta~t io n toi prcticalI
applications. 'Technology t ransfer' denotes the wshole spectrum Of building uip
technological capabilities through development. adaptation and transfer oif iech -
nlogtycs. The Centre is based onl the iietwork' concept. i.e. that it wonuId not
become the location of activities foir transfer anid developmlent of technology but

would assist in strengtiheni ng natioinal capabilities. Actis ities toi be undertaken by
the Centre wilt provide suppoirt toi the national effoirt" or wkill be of catalytic
nlature. The RCTT will also act as a regional inistrument t)i pursue nmajoir concerns
of the organisations of the [I.N ssstemn work ingi ill the field oif technology% such as

UNIDO) and UNCTAD.
Ani adequate information system is essential toir such anl approiach . The

RIC "IT !Vewlett'r, published quarterly. sceks toi proivide at channel of infoirmattion
for use by the institutions participating Inl the nictw~irk activities as well as the

other inistitutionls and individuals interested iii its activities. It repoirts onl pro-

ascertaining the needs of the participatinlg countries and oif formulating pro-
grammes toi fulfill them. A woirkshoip in Batngalore inl April I1978 attended [I
d-irectoirs/othecers-ini-charge of national focal points. and represent atives of the 1.IN
agencies identified the following fields (if concern for the R(TT-I:

Food and agriculture e.g. industrial utilisation (if agro-wastes. proicessing! of
essential oils and medicinial plants: post-harvest technologies: packaging
technologies:
Industry e.g. machine toouls, metal processing. textiles. leather, ceramics.
handitilims and] low-cost automation:
Housing e.g. cement proiductioin-
E~nergy e.g. mitti-hydro plants. biogas. willd, solar and cial:
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Natural resources e.g. mineral processing:
Health e.g. food fortification and family planning.

R('FF has since been engaged in developing specific activitics in the abhme areas. In
the field of technological information. R(" TY has taken the following step,:

Building up the library of the Centre. the nucleus of which was alread\ in

existence:
Al information service on a modest scale now disseminates information
regarding important technological developments in the region and answers

enquires from institutions in participating countries regarding sources of

technological information. This will be ,ystenatised and expanded. Experts
from the I.SSR and Israel assisted in establishing the information network:

the main feature that will distinguish the R(]TI information service from
global informat ion services in operation will be that it will he speciic to the

rc(tliremcnts of participating countries:
A periodical newsletter has been started:
Two volumes of national papers prepared by the ESCAP member countries

in preparation for the United Nations Conference oin Science and Technology
for Development (August 1979) havc been published.
RCTrF activities to stimulate the flow of technological information within the

region are being pursued with vigour. Its library has achieved steady growth.
Since its inception RCIT has undertaken projects to attain its objectives and
more are planned. R(TT is expected to play a more important role in future in

the flow of technological information within the region.

AliT (Asian Iuistitue o Technologv): founded in 1959 as the SEATO Graduate
School of Engineering to help meet the growing need for advanced engineering

education in Asia. it became fully independent in 1967 as AIT. Its Royal Thai

charter accords it the status of an autonomous international institution
empowered to award degrees and diplomas.

It provides advanced education in engineering, science and allied fields, its
academic programmes being related closely to the needs of Asia.

The following AIT units specifically deal with information:

Regional Doc-Ut etation (',ntre: established in 1977 to co-ordinate present and
future information activities being developed to leet the information needs of

both AIT's Academic Divisions and the Asian countries. The RDC has four
operating specialised information services.

International Ferroceient Iniforiation (enmtr (I7('): established in 1977 as a

joint project with the Division of Structural Engineering and Construction, the

Centre is sponsored by the Government of New Zealand. the US Agency for
International Development and the International Development Research Centre
of Canada (IDRC). It is engaged in collecting, processing and disseminating
information (in ferrocement and related materials. Joturnal of Ferrocement (quar-

terly) is published in collaboration with the NZ Ferrocement Marine Association.

.1
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Renewable IFnergv Resources Informiatio~n Centre (RERIC '): oficial Iv established
at All in 19t78 with financial support from) the Government ofI France and
UTNESCO(. this cowers solar energy, wind. biogas. smiall scale hydropower with an
apprmpriale technology' approach of interest to tropical developing countries.
Publications include RERIC NEWS (newsletter). Renewable Fneriv Rev iew
Journal, and o~ccasionlal bibliographies and booklets.

Environmntal Sanitation Ibilomrnation C'entre (ENSIC): begun in 19~78 with titnan-
cial assistance front the International Development Research Centre (Canladat) it
ims to provide developing countries with information onl the disposal and
rcclcing of wvastes. It publishes regularlv FNF() Newsletter. Finuironental Sani-
tatian( , Abstracts-Low Clost O)ptions and the Annual Tec,(hniot,' Review. and]

occalsional nmnographs and booklets.

Asian hi f o ation C entr at br (ieotecmd Ita a nfineering ( .1(i-F): establishied in
19~73 uinder joint sponsorship of the D~ivision of (icotechnical and] Transportation
Liieineeriiig and the Library and Infornmation Centre with financial suppoirt fromt
the IDRC. Serves as af clearing house for information onl geotechnical engineering
projects. i.e. data onl design, constructiotn and research projects are analysed.
abstracted anid indexed for effective storage, retrieval and dissemination. Regular
publications include Asian Geotech pijal Engineering, Abistracts. A GE urret't
Awareness Serv ice. AGE Journal Holdings List. AGE ('tnfirence Proceeintzgs List.
AGE Research Relworts Hlings List. AGE Newvs, and AGE Digest.

Gieneral: The foregoing mechanisms have all played af major role in providing
etigineering andi technological information in the South-East Asian regzion. There
are. ofI course, other mechanisms which deal with more specialised and specific
fields. Inter-governmental arrangements such ats ASEAN (Association oif South-
Fast Asian Nations) and UN ESCAP (United Nations Economic and Social
Commission for Asia and the Pacific). the eduIcationail Systemls and their exehanec
programmes. professional associations, industry federation', and ot her bodies and
mechanisms all play iimportant roles to complete the total de.Ili~ crx s stem.

PROBLEMIS OF INFORMATION TRANSFER FOR
TECHNOL OGICAL. DEVELOPMENT

Wimr t* No ()NF m;N irs thfat the developed co u ntries and thle ilt ernatit i a I st urces
of information could be more elTective in stimulating~ tile (]illusioi f tech ntilogv\.
there is at grtowjiig real isat it n thIiat thle g rea ter part o f ma n's tchlniologticalI
know-how is freely available. The biggest problem is that dev'eltiping countries, are
ill-equipped to find, evaluate and apply it. Often, information needs arc not
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apparent or properly identified, hence, the need of strengthening the capabilities
of Third World institutions.

Information seekers are also faced with both extremes in their search for
technological information. On one hand, it can be very limited because they have
no ready access to sources of technological information, and even if such
information is available, it may not be in an appropriate form. On the other hand.
the range of technological information can be very wide and the problem becomes
that of choosing appropriate technology or the adaptation of technology to suit a
specific situation In addition, there is the oft-repeated criticism that information
obtained from developed country sources is not relevant to the needs of deelo-
ping countries. But who should really decide what is relevant,? Again, the role of
information 'processors' or development agents is extremely important in
developing countries.

Developing countries have much to share in terms of relevant technological
information, processes and expertise, but the stimulus or the capability is not
always there. Most developing countries are competitors in international trade.
There appears to be inadequate awareness that the transfer of technological
information is a two-way affair-between developing countries and even, to a
lesser degree. between developed and developing countries.

The physical infrastructures for effective information transfer are not always
present in developing countries. (ountrysides are sometimes inaccessible. com-
munication links inadequate. Hence, the problem of delivering information at the
right time. at the right place, in the right form.

All these problems arc not insurmountable: much progress has been made.

Mechanisms that have been set up have made their contributions to minimising
some of them and have had their impact on technological development. Some
problems require political will, others time and funds. Most important, perhaps. is
that cooperation and sharing among countries in the field of technological
information do not become mere slogans. They can be made to work.
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greater market pressure and therefore determined the path of technological
development.

At all events, growth of online information retrieval during the latter half of
the 70s reached the point at which probably well over two million searches per
y'ear were being carried out in the USA by the end of the decade. Important
changes had also occurred within the data base industry iLself: whereas at the start
of the decade data bases available online numbered perhaps about 20. these being
institutionally-produced bibliographic data bases in the main disciplines of pure
science and technology, today's user in the industrialised countries will probabl,
have three or four hundred data bases available to him. many of them being. fact
or source data banks. These latter have shown consistently high growth .ates.
particularly in the fields of finance, trade, statistics. etc. Much oif current datW base
and data bank production is now in the hands of private. for-profit industr% rather
than professional institutions and government agencies.

With regard to the users themselves, it is prolbablx true that the early
expectations that the technology would favour end-users searching for themselkes
have not vet materialised: today's users of online systems are probably librarians.
information brokers and information personnel generally. The growing emphasis
on fact data banks and on subject fields well removed from traditional pure and
applied science would, however. suggest that online information transfer is
beginning to move out of the scientific area into business. finance. planning and
management. If this is so. then conventional online technology may be inadequate
to promote a further round of explosivc growth in utilisation.

INFORMATION CAPTURING AND ORDERING

Present Position

Most of the formal information resource is still captured by conventional
means. i.e.. authors' draft papers which are then reviewed and eventuall% edited
and published as articles in a journal oi as monographs. While the printing
indust'' is now becoming computerised, this has had little impact on the timeli-
ness and effectiveness of the process as a whole, viewed as a ncans of rapid
information transfer within a relatively small and rather homogeneous profes-
sional commlunity. In this context. 'ordering' of information means the process
by which the stock of information is systematically arranged so that items can be
identified, located and retrieved according to relevance t) a subject or a problem
area, etc. The present system still leans heavily on the classical procedures of
librarianship, i.e.. cataloguing and indexing, even though the means for apping
these procedures are comptterised in the form of inverted-file data bases and
sophisticated retrieval software. r-here is. however, no doubt that the power of
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these mechanised components. by which a virtually complete set of valid
references can be retrieved in a half hour search across data bases containing
many millions of references, has brought into sharp relief the inadequacies of the
other components of the system as a whole. It is rare that the editorial and
publication process is completed in less than a year after the first draft of a
manuscript, and the heavy professional and clerical load required by this and the
secondary publication process, which involves highly skilled abstracters and
indexers, builds up to a very heavy overhead per reference retrieved.

Areas for New Information Technology Applications

The whole area of improving timeliness in information capture and ordcring
deserves attention, especially in those fast growing areas of applied science and
technology having important economic implications. and in transdisciplinarv
studies having impacts outside the pure research and development field. Elec-
tronic publishing could be a partial answer, since the production of a machine-
readable text as the primary product of the publishing process provides a ready
vehicle for on-demand publishing, personalised journals and other forms of
information which can be rapidly distributed by electronic or other means to those
requiring it. Electronic publishing, while improving the situation would not solve
all the problems of timeliness: much of the delay is taken up by the drafting.
submission, review and redrafting of the original text required under present
procedures. All these processes could be simplified and speeded up by using
electronic means of text processing and communication, but this would perhaps
not be consistent with other requirements in scientitic publishing (one possible
scheme has been described in Page, 1980,a).

The proliferation of data bases has increased the ditliculties inherent in the
where-to-look problem: a highly skilled intermediary cannot know the contents of
all possible data bases which might be used in a search: there is an urgent rced for
automatic referral systems and constantly updated in-depth data base directories
online which will guide an intermediary or an end-user through the possibilities.

Application in Developing Countries

While improvements in timeliness and in information location will be of value to
all users, there are specific problems in information management which presently
constitute an obstacle for the full exploitation of locally produced information in
developing countries. As Woodward (198(0) his pointed out. the organisation and
retrieval of locally produced information are significant factors in development.
Part of the problem may be organisational. but relatively simple informatics
applications in the shape of simple-to-use input procedures for local data bases
and the use of mini- or even micro-computers as stand-alone devices for data base
creation and information retrieval ofter useful possibilities. With regard to
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organisational aspects, Tell (1980) points out that where responsibilities for
information management are reasonably centralised in an executive ministry, and
this ministry possesses a satisfactory computer. local)y produced and other in-
formation may be aggregated into what amounts to powerful local data bases,
tailored to the needs of the decision maker concerned. Such solutions, however.
presuppose a certain level of infrastructure and technical expertise which may not
be available in a very large number of cases.

INFORMATION RETRIEVAL-INFORMATICS AND THE USER

ONIt a- IE RIRif At is no longer a cottage industry in industrialised countries:
(uadra (1980) has identified over 60 organisations offering online retrieval ser-
vices internationally, and some authorities belies.e that the current US market i,
about $4(0.(00(0f? per year in size, with Japan and Europe each at about the
S100t).Ot00) per annum level. While a number of online searches are being made
b, countries outside these regions. these are "imported". mainl, from the USA:
there appears to be little activity as vet in supplying Online services from other
regions.

Retrieval Software-the User/System Interface

Although there are no%% a large number of retric.al packages available
otT-the-shelf. they are, by and large. far reumed from the ideal of natural
language systems. One nut.I learn the connands appropriate to each. their
abbreviations and combinations which may be represented b\ punctuation marks
of one kind or another. In this respect, they are insufticientl\ user-frie ndl\.
although there have been improvements here in recent years. An instance is the
development of the common command language 0\ the Commission of the EF-(
which. vhen imp, lemented on a host computer. .ill automatically t ranlate
commands from the user in ('CL into the host's own retrieval language.

Seen from the user's stand point, the retrieval system and the structure of the
ditta base (indexing and abstracting) form a black box with which he must interact
to obtain relevant answers. This can be a frustrating experience, not onl\ because
of the intricacies of the command language. but also because the system gives him
little if any guide to the indexing philosophy used in a particular data base. While
really major improvements in this respect are not v el in sight. as the\ \\ill require
the further development of artificial intelligence and associative menory concepts.
certain palliatives could he investigated, such as more and better tutorial systems.
both online and otilinc, and easier-to-handle information on data base structure:
for example. online and otfline synonym and related terms structural diagrams. In
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respect of data hase-specitic and retrieval systen-specific training. intermediaries
in developing countries are worse otT than their colleagues in industrialised
countries. since intercontinental journevs may be required for attendance at
training seminars, and it will he similarly difticult to reach the advisory scrxi.c of
the data base or sVstem concerned. Therefore, wcll-organised and in-depth train-
ing and e\planatorv material, both on and otllinc, is an important area for
improvement. Another area for development relevant to the needs of de\ eloping
countries is that of multilingualisni: the great majority of data hases nwos as ailable
online are in the English language, as are almost all rctriesal languages. This is
not a situation which can be changed overnight, but short of full automatic
tranlation there are possibilities in the shape of multilingual online thC,,auri
which could assist users to search in another language esen though the search
output would be in English.

ACCESS TO ACTUAL INFORMATION

A BtHItO(iR..\t'HI SI-.xRCH is of minimal )aluC to the user unless hc can sub-
sequently obtain, at a reasonable price and with an acceptable dclay, copies of the
original document cited. This is a problem common to users in both industrialised

and developing countries, although the lattcr's situation is worse in that local
library stocks are probably inadequate: securing copies from one of the major
supply centres overseas will require the expenditure of scarce hard currency.
probably requiring prior approval. A further problem atecting users in dexelo-
ping countries nore severely than their colleagues in industrialised countries is the
heavy cost of telecommunications to reach online vendors or host organisations
operating the data bases they need to consult.

Document Delivery

The Commission of ihe EEC has recently been active in studying the
possibilities of electronic document delivery and its relation to electronic
publishing (see Norman. l98l, and Page. 1980b). These indicate that elec-
tronic document delivery is feasible and technically within the state-of-the-art.
although more work needs to be done on systems integration and in particular. on
developing terminals for receiving electronic copies in both facsimile and coded
character formats, with the ability to switch between each. Open questions at the
moment are user reactions and costs per item delivered in operational systems: we
do not know, for example, what kinds of users want what types of documents with
ultra rapid delivery (e.g. overnight), and what they would be prepared to pay for
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Telecommunication satellite systems are not subject to the samne bandwidth
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Information Flow in a National System
0 for Research and Development

Kmtarad Fiatkovwski. Henryk Rybitiski atid Bolesta w S iynatiski
.SJNIO. P'oland

INTRODUCTION

1-,f I " )Rff )s f fi is ) for- "'archr aftI de.veloipnient if? Poland is organised w ithin the
trainc%%ork of thc National 55 stem for- Scicntific. Technical anid Economnic In-
torunut ionl (SINI ). The aim oif the SINl"]() ".%sten is to perform mo5 basic taskN.

gat e in foirmat ion and statistics conmccrn inge scientific research act i it ie
initiations of newk tcchriologic,. etc.. within the countrN.

Such an infor-rma t ion s~sterl is a substantial step towards i mproin irg the
etlectiseress oif research pr-ojects and lechnolozv developmnirt. Wide cooperation
amloft. in format ion subsNxstemis oif SI N-( ) is assumed. Mioreover at considerablc
esehan Le of informiation between SINT() and international information serN ices is

planned. Therefore the Organisation of informiation flow inside SINT() is Of Lreat
importance for SI NT( functioning. [he aim oif this paper is to discuss some
solutions to infotrmiation flow Organisation in the SINT() svstemi

308
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NATIONAL SYSTEM FOR SCIENTIFIC, TECHNICAL AND)
* ECONOMIC INFORMATION (SINTO)

IMi PRi: IMI\ %RN PI A\ for the national s~stemn of scientifc. tec hnical and economic
informiation (SINTO) wits formally approved inl 1970 (Nitocki. 1979).T1he sx steml

is currently in the process of "implementation. Its aim is to facilitate thle
identification of source material. assist inl the retrieval of the requested material.
and classify. index, and dissemninate the abstracts of the documents to all parti-
cipating users. There are three types of institutions' w hich are dircctlx\ ol'\01\d:
information centres. libraries and archives,.

The main purpose of SINT) is,:
(1 i to integrate activities of all three type,, of instituiions \xiiholut Chaiteignge

their org~anisational structure and depen~deC~ies,
(2) io enable at more exhaustive inter-field of prinlar\ aind sCCOldair inl-

formation.
InI that sense SI NT( can be regarded as at s\SCI stem 1 wh MIIC cl de ui uIC tl

co-ordination of the institutions which operate in the information area.
Three basic types oif automat'.dl information s\ stenis operate %ithin SINl( .

The\ are speeCialised braneh and regional. The s stemis differ in their territo~rial ran~e
a id processed in formiiat ion scope.

I hec speeialised skvstenis maintain and( co-ordinate ;ill information aictl\ities,

concerning special documents sueh as, palenis,. research reports., etc. Inl Poland! the

nmain speciailised ,Vsteinls are:
SY NAIA (information sysiem for research repo rt,,) (I obo, Miad "Wojewoda.

SAZAPS (information s\stenl onl Polish international scientific coo~peration)

lPATFN1 (information svstem for patent documenis) (lBrajc/cewski. 1 97Q)
TRANSI.A'iIONS (information svsteml for iranslations) (I INiV.F 198(l).
The branch systemns maintain information activity for specific fields of science.

technology or industry.
At present the Agriculture Information Systeml (I laneko. 1978). M'ining Inl-

dust ry Information System (Bartosz) and the Chemical Information Sy'stemn
(lIlP( II 1979) are examples of advanced branch systems which are being
developed within the framework oif SINTO.

T-he range of specialised and( branch systemi activity is national.
Inl addition. territorial svstens operate in particular reg~ions of the countrv.

They maintain and co-ordinate all information activities in their reion. Usuallv

they are implemented by large university and research libraries. The system
KRAKLJS which is operating~ in the Krak6w region is a good example of such at
system ((Verni. 1979).

T-hese three types of systems also differ in their roles within SINTO. The
specialised systemns are mainly responsible for preparing and preprocessing rele-
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Figure 1. The general structure of SINTO
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bibliographic data,



INFORNIAH[ONl IM&O IN A NA I IONA I SYSilI IM311

(c) international information systems. such as I('STI (Moscowk). A(RIS.
INIS. etc.

()n the other hand the branch sy'stems produce magnetic tapes for inter-
national exchange and for territorial systems under various agreements.

The territorial svstems are augmented by other svstens of SINTO. Thev are
responsible for direct cooperation with individual users from given regions.

PRINCIPLES OF SINTO IMPLEMENTATION

SINTI() INl oR.i.. I I)N S S I N integrate the functions of both scientific information
systems and management information systens. An analysis of ('IS ISIS facilities
has shown that. in general. the (DS ISIS package (Modr/jwska. 1980) can be
successfully used as a sandard software for SINTO. However, because of the
special needs of SINT() several extensions of ('DS ISIS hasc had to be made.
These extensions permit the creation of the so-called Multilevel Information
System (Rybinski. in press). which allmvs ISIS databases to operate in a more
flexible way.

The main idea of that approach is to provide the users with additional levels
of access to data in order to meet their specific needs. The new levels of access are
obtained by means of I)MI. enabling the production of application programs. and
the generation of statistical and aggregated information.

The extensions mentioned above have been widely applied within specialist
systems. especially SAZAPS. and SYNABA. '[hey are also applied within some
branch and territorial systems.

CONCUUSION

4m~n N.tliiI sNsII.m for Scientific. Technical and Fconomnic Informat ion
(SINT()) is being designed in Poland to support de\elopment of science and
technology. 'To pfirmide SINT() users with accurate and relevant information
co-operation aimong SINT() subsystcls services and an exchange of information
between IN'I( ) and international information services is required. Thcreforc a
rich information flow within the framework of SINT) is being organiscd. io

facilitate such flow uniform software has been proposed to implement SIN|(
subsystems
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oInformation for Progress: Revising
Our Priorities

Sean Cootrey

INTRODUICTION

AitRrs tuvv 1"\ o I .'m .Ms incrcwsing -allenion has be)en paid to the problerni
confronting economic dev elopmient anid social prog~ress around the wkorld, anid
especiaclly in I.DCs7 The role plav'ed by science and techniology in Such dex elopmierri
has rapidlx assunid an important. even a doninant. position in these debates.
D~uring the 19)70s. fi particular. the view hats become w\idelv accepted that the
intersection bet~een science and developmntn occurs in the process of information
transfer. Scien, e. according~ to this view. affects both economic growth and social
progressLhrgh the dissemination and use of new technical knowledge. ('on,, ersel\

' the type anid amount of research, and hence the pace and direction of the growth of
our stock of knowledge. is strongly influenced by demands for information to solse
problemis connected with proniotinig growth and progress (Allen. 10(1: Anderla.
19V73: Robertson et al., 19~72: Allen et al.. 19 1: OF( '1Q7 1 ) .

Funrt hermnore. it hitns been iwidel % believed (unlI recen ris at lea~r ) thIiat [note
e ffeetivye in forniat ion tran sfe r in cli iSins Wouli 1(1 ii tlt a iiCo)lsI. promote hobthI

economic grwhadsocial rgc., Ilis belief is showmn tv flie rapid increa~c in
the level offun ding riot on lv foresea rchi., bu fi- illforniatin it ian sf

miech aiinis. arid the g rowinrg att I cii i gi~e t ci in form atin npoldicy ill[the

Imoved to itcnta position insuisof dvlpetpic.Aorngoi)the

313



ncludes the study of how the e\pansion of inlormation through research, and the
dissemination of research resu interact with economic and social change. and of

how It improve the etlectixeness of information N\ stems, in promoting both economic
growth and progress.,

Deeloping coulft inp s h avc a special need for eflcti e access t t informatio n
to promote growth aid progres,. Their resource, , are rarcly adequate to Ieet the
etists of neeting this need b\ the mechanisml uNed in richer countries. The
problen is made more difficult by the limited general infrastructure of I.DCs.
Poor roads. phone systems, postal services and other similar factors have a serious
effect on information transfer. Scientists often work at centres remlote from the

urban locations where inforlation is available and ha\e special diliculties in
travelling to or cormtmunicating with, these centres.

Here are some characteristics which a good information service should have
(('oone. 19I74b): it should (a) be accessible and easy to use (Zipf. 1949): (b)deliver a

high rate of messages for a given time and effort by the user (Allen. 1966): (c make

available a wide range of information not usually available in or near the scientist's
own work place (d) ntain i high level of quality in the information content

supplied; (e) in a less developed region more than elsewhere, a service must also be

cost eflecti e.

'HAN(EI) PRIORITIES

It lt i ()\IiN(; s' \.- of priorities would appeal to ofter the best hope of

pro\iding these requirements quickly and electivelv.
The first priority should he given to promoting meetings between scientists.

that is. developing the -technological gatekeeper" function (Allen. 1966. Allen ci
al.. It)71). It has been shown that scientists and technologists get tmtost of the
information which benefits their work from talking to colleagues. The collhague ,,

who are most relied on are termed -'gatekeepers". Research carried Out in Ireland
(Allen ct al.. 1971) identified the 'international tecHtnological gatekeeper". It was
shown that a nation, like an organisation. depends on its gatekeepers to bring

technical knowledge into the countr\ to aid developnment. Since no countr r can

hope to develop rapidly without knowledge from abroad, this finding has im-
portant implications for national policies on travel by scientists.

Ill most countries the official attitude to experts who seek funds for ira\el.
especially abroad, has often beet 'why should we spend money sending these
people on glorified holidays?". In ILD('s this attitude is reinforced by the severe
shortage of foreign currency for any purpose. However. it is important to
remember that knowledge goes out of date very quickly and must be replaced by
new knowledge. The best way is to talk with someone who knows and such people
are often in another country.

A high priority should therefore be given to enabling trained scientists from
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developing countries to keep up to date bl travelling and meeting colleagues
abroad (Cooney and Allen, 1974). Budgets for attending international meetings
should be made more generous. The total hans on foreign travel, which seem to
apply in some countries, should be relaxed. Aid programmes should lay greater
emphasis on helping this type of information function, as reconlendCd in a
report on US AID some Nears ago (NAS, 1972).

LITERATURE SERVICES

FiI[l SI:(O)ND PRIO)RIIN \RIA i to make primary current literature. mainly in
scientific journals, more easily and quickly available to users throughout de\elo-
ping countries. If there are one or two good, large collections of journali it a
country, it is appropriate to use photocopying technolog to spread the material
around to those who need it. The literature ser\ ices established in some countries in
East Africa and Asia go a long way to achieving this (Cooney. I 919S. 1974 a. l 978h
Munn, 1973: Schlie. 1978).

The service operates as follows. Working from a good librar\ w ith a hea\x
duty photocopier. it supplies users at locations around the country with copies of
contents pages of every issue of any available journals theN ask for. Copies of
articles can then be requested after the user, who nay be hundred,, of miles awa.
has studied the contents pages. Users may ask for articles from current journal,,.
or look back over contents pages of older issues for earlier material. This type of
service is relatively inexpensive, and has proved extremely popular wkherever it
has been installed. Among its advantages are these: (a) It operates in parallel, not
sequentially. i.e.. all users who require a particular article recei\e it sinlul-
taneously (thus eliminating delays inherent in circulation svstems). (b) It pro\ ides
full texts, not a summary, of the original documents. (irculation S\stems do this.

but by no means as uuicklv. (c) Operating it calls for the mti mum of high level
bibliographic skills and no computer skills at all. (d) It accommodates a large
number of users as easily as a small number (whereas a circulation svstel tends to
break down when the numbers served grow large). (e) It copies all the material
required from current journals at one time, so reducing the time in\ol\ed. (f) It
provides a convenient mechanism (the contents page) enabling the user to select
material of interest and to ignore the rest. (g) It takes the iniiatixc in reminding
the scientist of the flow of new information.

The first literature service of this kind was established in Fast Africa in 1967

to serve over 100!1 centres in Kenya. U.ganda and 'Ianania. [he method described
was used from the outset and has remained unchanged. At the start there were
sonc 9111 journal,. and during 1 86 nearly 2.t1.001)) pages were copied. .\n

evaluation was carried out in I9N) (-AAFR() I'M96). following which the Fast
African C tommunity took oxer the scr\ice from the Rockefeller F-oundation. It
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continued until 1970. when for political reasons the Community ceased to exist, Since
then the serv ice has been confined to Kenya. where it operates from the librarN of the
Kenya Agricultural Research Institute. In 198t) the service supplied users at --
centres in Kenya with 17.0(011 contents pages and 1 1.((0 articles. Over 2I new centre,
were seeking enrollment (Niorage. 1981).

In 1974. 1 was in\ited to help set up a similar service for the Philippine
Council for Agricultural Research and Resources. The serice was. b\ the cnd of
that year. servicing 52 research and education ccntres involking about 2.1 U HI

scientists, using a collection of over I. 10011 journals at the agricultural library of the
Univcrsit\ of the P'hilippines at Los ianos. Interest \was c\pressed in de\eloping
similar serviccs in Nlalaysia. Thailand and Indonesia.

An agreement between the Irish and Tanzanian go ernnents led to a new
service at the Universitv of Dare, Salaam agricultural library in NIorogoro (Coonc.
1978b).

It would seem that many other countries in the Third World would benefit
from such services, which have not, however, received the attention from aid
agencies that their proven popularity and effectiveness deserves.

COMPUTER BASED SYSTEMS

li-t-iHiw',-N i of gatekeeping networks, and literature services, should, it is
suggested, rate a higher priority in developing countries than computeried
information svstems. The great advantage of computerised systems using data
hases is that the,' cover a very large proportion of the world's literature, and the\
can be searched quickly through an online interactive terminal.

Ho\,c~er. online services are expensive to use, especially in developing
countries. They are also heavy users of foreign currency. They provide onl\
references and in some cases abstracts: obtaining the original articles requires
further efTort and expense. mostly involving foreign currency. And there are
technical problems to be overcome as well.

The main technical problems affecting computerised services in the Third
World are concerned with electricity and telecommunications. (omputing
equipment requires reliable supplies oif electricity: blackouts and severe voltage
fluctuations make the equipment unusable. The quality of telecommunication
lines needed for on-line transmission is higher than for normal speech. Dialling up
on an international network is almost indispensable. These facilities are rarel',
available in Third World countries at present. especially in the case of centre,

remote from main urban areas (Coone.. I9 7 8a).
For these reasons, it is suggested. the priorit to be given to computer

information services in these countries should be considerably lower than for
gatekecping and photocopying services.

K _ _ _ _ _
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ECONOIC G;ROWTH- VERSUS PROG;RESS

I Nos. it'Ms to consider brielIN the second area where rc-assessnient of the role of
in fornmation inl development is needed. This, anrises fro m tilie i ci cu stin in tat
progress is ntot thte Name ats economic grotkth. and that these, tss( proceses are
affected in differet"it vas hbN the flow of new information. T his question can onIs

be touIched onl here (it is the subject of at current researeh pri jCt underIC a i Ct ratlCi
from the European (onmunitv' W (oonc\. 1911)

It is %kidel% belies ed that technical inios atioli. based onl nc% m inrmaliolt.

promotes increased -'rrodulctisits" anld econom11c t s lpn lt.ad that thI inl
turn pronmites social progreSs b\g itetitinel iictaci notijsstath. ntore-
johs, and moire ge ernimn!i te~c e t u foir soi i aIit ie dc hipmnt p I icics,

Much recent ev~idence throws doubt onl this tItodel. in1CIndIne lor ilnstance the
recent slowdi wn inl mi itte arv enihtI iii ri cih C mu litt e. t 1ic rssit l sn
untieployment atid damiage to thie ensiroitit. I lese trcfids cc seei us to affct

the Third World both direct lv aitd ilidireetl inli the nar future. 1t seems h li I
likely' that the increasingly rapid tlow of new~k teehiiical inforntation. and oA
Itntovationi. plays ali important bullt until now little rccoenisecd role in thesec

tilltpeeted aiid unweleome trends (ats w\ell as inl the weclomc nn at pri icsisl~c

onles suich as clotimi growth ). If this is true, the prev ailiitg de\ elopittent policies
itt Third WVorld countries. based onl the wester model as, a ri . and cturrnt aid

prog ratIlltIle". eaif n m longer bie regarded withi cm mu dciice as thle r iet roa~ d lo

these countries to take (('ooney. I1980).
The Green Rev olutioti has, been, up to recent R\ ait e~aniple ofli iss chan ' iti

tchltolOiV, atid the 11oti01142\1 t mm 10v comin te to' frustrate so neic if NcIijccti '

mif alid for deveIlniett. The ( ireen Revolutioti"was at geat scientitic aIds aitc '111d

it fed. and continues to feed. millions who wvould otliherwise starsc Bu kimt ii ls
ecauses di sloeat io ns itt the ci n i m antd illi so iietvs which social scieni tisis (lid it mit

antieipate. The itew crops cattntot be raised sueccssfuliv without cost Is cheicails.
money is borrowed tom bus these, the bumper crops cause prices t fal anid not
enlin gh money is ea rued to repa tilie batik h ialus. I ~e inlint ical l pc pi c arc ss in rs
off thani ber because the\ have become victitis oif the iiiiite cminoim
Currerntly. efforts atre being made to overm these problems bt. des elipittg criil
varieties which have high yields hut( do tnot require investment iii chemiicals attd
tiaehittr-a return .1o self suiliciencexl ata higher lesel of physical produict isits

By leading IX')(s along thle rioad towards invoclvemetit inl tile iiiinev
cmnmn. richer nat iotis are confronting mtem with problems. ('urrent l the most
basic of, these is the inexorable process (if tcchttical changes, forced I,\ ciin-
pet it iotn which is at the same time untde rtmin ing the eec iiimiic basis tit fiour iwti rich
ecornoicis hv replacinig wiirkers with imachines.
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o> Marketing Technological
Information

Kjeld Ilintife

1() iSRE. Hl 11.5 Nl iR\1%1itt N is idetiietcl. is transtferretl andi us.ed for turtherint!
industrial des elopunent is a proh[li whliCh has, Occupietd [iL1unierous1 indidls.1
associations. etinlimittecs. institutions and authorities for \ears in industrialised
Countries as well ats inl less developed Count ries, Marvel otiS eql ilCnt has been
des eloped aniid sophisticated svst emls desigened to i ile ii fv spec ific in formnat io n
hidden in largze and smnall daita banks, timec and aizain we hlave heard that this is

how vou can find it. this is how vom should doi it. If only men were rational and
s,,stem a tic aniid hhaxed according to thle thIieo ret ical o r scieniic miontde; (t i n ;t, i

an intelligent anit well educated hun11In being. the transfer problciii sxilt i~se
beenI solved many vears aizo.

tllowcvcr. the majtiritv of nieti and wtoien in inidustrialised COu at r-Ies', Al elI -

aIs in developing coiuntries are not miade that way. Thes areceiiititioiialls
iiiluctnced practitioniers tiperating atl various levels svith dillereiit tasks. in\( Isetl
with t.lV-to-lV problemts. with imuprwlemnents aiid itiiisatitin. \0siili n~ikiu

pruigress-and achievitig practical results, which event ualKl will bie appreciatetd alt 1d

repoirted as industrial develtinent. [heys are more oiccupietd h\ doiiig this tOan
thes' are intereStLd inl information tech ntlogys-eveii inl bootks antd biblitiraphics.

TIheir genius as ent repreneurial professiOnals wkould bie killetd, if* we f'ort'tt
uipo n then systems andt etquipmienlt tlie do not desire.

'y ii appl CIee ii TeCt i sC in form at ioni techno tloigy demind ts a kiiidi of' tdisci p1in -

ing opposite toi their way tif optinial funictioing antd their sense of beitie ratioiial.
Thec' wanit techniological iniftrmation, i.e. knowletdge. tiot bibliographical

references. Thecy ieCtl ais~itnce a11td service fromn itntermetdiaries wliu are tciii-
peratietitally' qualified. tle\ilhle and motivated to adlapt themselveCs to the prtices-
sors' andit tecision-makcrs' wior]L irmiginative etiough to identifyV soiurces. clever



t ant to the probileit area of concern to) the enr ecr.iidustriilst% and~t

plan nicr's.
I chlnolocical informiation is, \%hat maikes prn.grcNs 'tick'
rASIetlIiei h\ thie HDi 11 ( olnhttittee On lntoriittrOl tor Indtistr\ . 'technological

iiitoriiationi is Kpiot~ii (It' (ot all\ kinid, In anm formi -technical. economi11c.
ma~rketing. rrrimaui.ciit. s.C,1 ! c.- %olis hic [sIts appl'licattiOnl %kill fuirther imtpos.e-

Ineilts anid liloo at ionu

hIs IINr~ kiioskC lNle.1di.C i aConIlilodIt\ - the intellectuail rit" material which

11s tII lhe irmikctedl. andi coinated fo'r those %\t, h%\ant printress. but wkho. for

I.Iarioll iNO' I reaon'hac lJhhjictilt5 in ideikitsnu .-.hilt the\ mIccI t( knoss. finthinl it.

sAiliuitliiie- sslmit is III(),[ Iles li. iid appl im it.

-Science and] kiin leel_, ire Of commrrmuiit\ aJILe on11 h' applicar ion--only
k IrIosc ,- ide I tchmio IIII,)-Ic; I II mIt(rrmI I11 t It le I .umC iIIit aiid aip prpriutc it) the neeCCd aid

to the Il,\C I t Iudinilrt~ithirig o tilec rcc11IpIcit \kill he ilicth14. I hcrcforc ssc nus

kii'ss lim to idlcntrfs, picmtial LNscrs. 111M to esrrmiarc their need,,. aist Iithe in

talatINeII_ nee~ds int11 detmmamnds. trais'on decmanrd' into 55 antN, an1d further them

rII cqnetlCl Anid h\ processim-e these steps prepare the potential user for

percetis toss irdsN application and conS rsiom of technological infortma~tiotn into

practical results.
It is, ills understaicling and tirin belief thantie concept o! an Information

Sers ice foi- hindutr\ pros ding, pragiatic aNsistitmcci-is most important inl furthering
imilustrial dles lopirient 111(1 soci-cotonmmi~c evolution.

thec nmNte tur these crs ices, are nunmerous: cxtenion sers tees. aidvisors
'cr5 ices. ifrmtirmsrie.Ifr atrm courisellitig, market t echtiology in-
tellicnmee Nservice etc. _Ihek~irc 4 primnarilo, oriented towards Ntimu latine_. scrs inc
anid ai~stingt po~tenil users onl their individual conditioTns and terms--thes do not

bother them milh informatin technoloos thes. sers e themn: users, dO not wantll a
bibliougraphx . they% ss inmt to knoss

Thie Ittaim steps inl orzms tisch atn Itnformatiotn Service for Induistr are:
H Iderntifv the localirs to be ser\ ed.
(21 C arr% )l outan indusLtrial denmographic analysis h\ actis it\. i.e. products,

rImatin ~factutred. se rsices, oftfered :u i lesc eo f sophist ieati n
(3) Carry out at programmnil vf isits to tnterviewA the managemenit onl techniiical

and ecomrmerialI operations and plains for the future. anid where their problemn
areas lie.

(4) D~iscover if the\ are famniliar with local. functional specialists or centres of

speciahised knowledge. with other centtres itt the coutry, inl the rcion or

intertiationally.
(0) IDiseoer if thev use them. benefit thc-m or if there are barriers to

eonmntun11ieatloll.
(6) Assist in fornnulilating requeLIsts for technolog~ical irtfortnat ion for at problemn

area, and the form in which the elietnt wishes to reecis e relevant and
appropriate informration.

(7) OtTer to procure and repackage the infortmatiotn.
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(S) Scan the infrastructurc oif possible cent res of specialiscd knowledge I hin the
local. national. foreign or international cot tit ic. r.t

(t ) \pply the most clectie 'tulorntatiton tcchnolog" i.e. personal calls. tclc-

p10thol. calls. letter,. telev, tel commtunicatiotn with data hanks (hihlitoLraphtcal *

or flctualI). Ctc. for procting the information.
I0I) F\ aluatc the few pieces oft material in wxhich can hc identieied the rcqucStcd.

tcch no logical infortnat io .and rcpackage. i.e. rcwritc abstracts f romr11 d cti-

ments or %ritc guidelines on how to cilateIC docmnLIts tIlshltt Vill mtch the

user's lc.cl of understandini.
(11) Present the user with the material and assist him in applying the idcntificd

tcchnotloical information.
112) 1 .ca' c hint to his cxpcrimcnts. kit tfcexor lcavxc him alone in t hc desert -folhow

up,. follo\ up and foll)w, up. until application has takcn place.

That is io, to market technologzical information as a cotrilution to thC

groth oif competence Mhich is esscntial before impro\ enclts,. illll\ait6l Id

transfer of technologx can lake placc , ith succcss-Icforc \%c can speak aloUt
industrial docelopimrit.

To sum up: "')ur dccisions arc ok )l,, a t)s oo as our information aind

-Your intormatiotn is otik as good as the intcrit of wur sourcc."

S- - - "
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o Multinationals, Intelligence and

o Development

S. lkdijer
Lun~d Utmlhnav.I SiI &1h',

AI~ING,. OBSOLESCENT CONCEPTS

IlAK II I I4 PRO% I Ril ItI'I mueI-dr1i).C r. the current .torld de\ c Iopment crisi-to \% hich
no eountr\ in the %%orld is, iinine--is clouting e~ ervonec os er thle hea d to attraet(
our jittentioii to the tollowing facts oif life in thle 198h(1ls:

()III those Social svttL-ntos o\ernents. enItrprises. oroanlsa-
Timis -- t hat conenlt rate on de~e h pinti their oni orga liset1  collii li e

CapabIilil\ to identif\ and copeW with Their inItrnal and external problemis \\ill
'surT\i\e and izro\%.

I o de~'elop such eapabiliti. each oif themn mustN reC-exainel eriticatll\ thle
Concepts. beliefs. itlels. approaches stored in their brains for- colleetinei.
proeessing. etaluiating. 11sllig or wvithholdirlg information in dealing \%ith their
problems.

Faeh of them mulLst look kaheadk in order to -dntk and eope w ith their
rising problems before they becomle failures. erises. disasters or eatastro-
ph ies.

Their eiti/ens miust be encouraged to haxe thle psvehologieal and social
eou rage to re-examiine eriticalli, their own eoneeCpts. beliefs and those ti
others for obsoleseenee and iietlectiveness to deseribe thle rapidl\ ehanlging
woirld.
To start I suggest that aMon0g atiling, obsolescenit, Inadequate concepts for

IX-( s developmetilt oneC Will finld manalgemtlIlt informT111ionl s\ste211Nt. scICietic anld
techntical itnformation systeris. comiprehensix e informiation sixstetusN. and es en
inforniat ics.

322
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First. these concepts are being rejected as "organising principles" in the
developed countries. Starting in the l960s many managers of enterprises saw in
computerised management information systems the miracle tool to solve their
problems. By the 1970s. as Russell Ackoff pointed out in his famous article
'Management Misinformation Systems', there arose a much more realistic ap-
preciation of the limits of such systems. On a national scale there was all
extremely strong effort between the 1970s and l)80 to build scientific and
technological information systems (511) ats a "miracle tool" for innosativeness.
International bodies like UNESCO. and the UN Conference on Science and
Technology for Development in 1971) devoted considerable effort and attention to
S] I urging the LDCs to establish such systems as essential for national growth.
In 1978 the American Library Association. ill its report *'Into the Information
Age-A Perspective for Federal Action on Information", was pointing out that
the concept of Si was "an ailing and possibly obsolescent concept" and was
proving "'incomplete as an organising principle". The Association urged that the
"'problem identification and solving'' approach be adopted as an organising
principle for the use of information technology. The same can be said of the
conmprehensive information system approach advocated by some United Nations
organisations. as for example, the United Nations Center on Transnational
Corporations. as the basic tool for the developing countries in dealing with the
MN( 's.

Second. it is my impression that all the above concepts are advertisements
aimed at selline information industry technology to the LDCs. The informatics
industry salesmen and interest groups in LDCs make us believe that to acquire
osernight the necessary problem-identifying and solving capability it is necessar%
that enterprises in LD('s should acquire the management information systems.
governments the STI systems and the whole country the informatics technology
and its software.

The latest critical assessment of the problem of effectiveness of the in-
formatics systems is the book "'Decision Support Systems: issues and challenges''.
(G. Frick and R.H. Sprague, editors, 190t), the proceedings of a symposium on
the subject at the International Institute for Applied Systems Analysis in Vienna.
In the introduction the editors point out that "... early attempts to 'throw
technology at the problem' have revealed that such a direct approach has serious
limitations. In fact, it appears that significant integration of advances ill both
technology and a set of related disciplines will be required. in order to apply
information technology intelligently and effectively to the class of unmet problems
and needs facing decision makers in organisations.'"

Looking ahead for such ailing and obsolescent concepts to the future we must
as k:

What is this integrative, interdisciplinary concept required to describe the
organised capability of government agencies. enterprises, organisations and of
whole nations to identify and solve their internal and external problems in a
rapidly changing world'?

'-
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A Harmful Belief

Before defining such a concept, it is necessar, to considcr one ailing and
obsolete belief prevalent in the ll)( 's about multinational c(rporation%. In
preparing this paper I was am1aed how ingrained in the United Nations systems.
agencies and votes was the belief that 'multinationals are desifs which must be
exorcised on ever% occasion with proclamations. rcsojul ions and ideological
incantations, Such a belief is counterproduclie: it encourages the continued
exploitation of the L.IX's by the MNCs.

What is an effective way for llis to regard multinationals?. Multinational
corporations, with headquarters in one countr\ and one or more production
subsidiaries or affiliates in one or more foreien countries. are one of the most
important and powerful world wide social irnovations invented b\ man in this
centur. It is the latest manifestation of Karl Marx's insight about 1 9th ccttur,
capitalism: *,Science and profit motive drivcs capitalism: forward! forward!"

Most MNCs originate in the developed, i.e. the OECD countries, but the\ exist
and operate in every single country in the world, with the possible exception of
Albania. By 1973, according to UN information. COMECON states had signed over
60(I1 contracts with the MN(Cs. A large number of them have contracts with P.R.
China and Yugoslavia. According to UNIDO more than (100 firms from the
developing countries such as Argentina. Brazil. India, S. Korea. Hong Kong.
Mexico, etc. are operating in several countries abroad, and thus fill the definition of
MN(C.An elementary statistical and analytical survey would show that at present the
MNCs play an important role in world finance, in the production of goods. processes
and services, in world trade, in the creation and transfer of new pioneering world
technology based on the latest scientific concepts. The MN(Cs will play as crucial a
role in the new economic, technological and social world order as they did in the old
one.

The MNCs have been operating-some times for decades-in individual
Li-Ds. They have contributed to such countries all the inputs considered essential
in developnment planning in socialist countries: foreign investment, learning and
know-how, technology. training, improvement of import--export balances etc. Yet
a survev shows that in countries with dozens of MNCs operating for decades the
development plans contain no mention of the possible roles of MNCs in
development. Such is the harmful effect of the -'devil" belief about the MNCs: it
prevents the LDC's elites from asking the fundamental question: How can we utilise
most effectively with least harm to ourselves the MNCs for our development.

An Organising Principle for the 1980s--Scial Intelligence

"To turn from ailing concepts and beliefs to the future oriented ones as
formulated in the above questions, it is essential to perceive: the capability to identifv
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and solve problems in psyc. ology, or in brain, computer, management or policy
sciences requires intelligence.

Walter Lippman was the first to observe the growth of "organised in-
telligence" in 1922 as the result of growth and distribution of knowledge in
society. John Dewey saw in "'Organised Intelligence'" in the 1930s the tool for
dealing with accelerating world change. We are iow witnessing the rise of social
intelligence. i.e. the grow th of capability of government agencies. enterprises.
organisations, association, nations and their citizens to identify and solve their
internal and external problems.

In the social intelligence approach, every social system is considered as a
p'rsona and an indi idual. A hutman social system has its own personality with
specific aspirations. goals, intentions, traits, culture, problems and a more or less
developed intelligence organ performing its intelligence function. The intelligence
of ach social system is the more or lcs well co-ordinated intelligence of its
component subsystems, which are as often in conflict and competition with each
other in pursuing their ,specific goals as in co-operation in the pursuit of the
common goals.

The three basic components of social intelligence at this stage of its
development are:

1I: biological intelligence, i.e.. the brain and its scftware (self. mind).
Al: artificial intelligence. i.e.. all man-made hardware and software (tech-

nology. social innovations, knowledge) performing or enhancing the biological
intelligence functions or parts thereof.

GI: governmental intelligence, i.e.. the capability of decision-making sub-
systenis of a social system learnt through experience and formulated intelligence
doctrines helping it to adapt to internal and external changes.

My current search for a theory of social intelligence points to the following

propositions:
First: the existence of equipotential functions.* that is identical functions

performed by dilerent systems and by diterent processes, is illustrated by the
following analogous examples:

Function A: Travel under water Ftnction R: Capability to identify and
sol,'e problems, i.e.
intelligence

Performed by Pertormed by
Systems: Systems:
it man diver b, Biological Intelligence
a shark b, Artificial Intelligence
a, submarine b, Governmental Intelligence

I believe I owe the idea (t "equif'itentiai function' to Prof. Donald Michie of the Machinc
Intelligence Research Unit. Fdinhurgh Lfniveritv.
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At present, what I call, the Hube-Martino Reductionist axiom is valid for the
fB. Af, and GI components of the social intetiience:

The human brain, the computer and the !.eial s wem are "'machines" that
process information and all three work with signals h,l ae iiughly speaking
electrical.
The development of organised. collective. social intelligence i, being

generated at present by
-increased complexity and integration tendencies within the world svstein and its

rapid changes,

- the extremely rapid growth of knowledge or information industries based on the
application of science.

-the growing distribution of knowledge and distribution of power within each
social system and globally giving rise to increasinglv disirib'ed intelligence
systems.

-the growth by means of research and innosation of integrated knowledge of
biological intelligence. artificial intelligence and governmental intelligence.

At the micro level of a social system its intelligence function will tend to grow
with increasing awareness of the threats 'ind opportunities for growth generated
by its environment, bv its capability to co-ordinate its internal goals and conflicts.
by the awareness of its internal complexity and by the belief of its members in
rationality as an intelligence component.

It may be conjectured that all these factors are stimulating the growth of
social intelligence as an emerging phase in human evolution in general and of
human intelligence evolution in particular.

INTELLIGENCE-THE ESSENTIAL TOOL FOR

DEALING WITH THE MNCs

UsIN-6 11-1t SOCIAl intelligence approach rather than comprehensive information
systems and others like them as the organising principle for our problem we start
by asking:

What are the basic problems of the less developed countries (and as a
matter of fact all countries) in dealing with the foreign multinationals?

How can these problems be expressed in terms of threat-problems and
opportunity for development problems to be dealt with by the existing
problem identifying and solving capability of an LDC?
To deal effectively with these problems one must ask the complementary

questions:
What threat and opportunity problems do the MNCs perceive when

engaging in activities in the less developed countries?
What is the MNCs capability to identify and deal with such problems and

how does it compare with the similar capability of the LDCs?
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These four questions are closely related in all phases of interaction between
an NINC and a LDC. The following table lists some of these threat-opportunity
problems both for the LDCs and NNCs in their mutual interactions:

LDC goal: MNC goal:
Developnment Profit. Expansion

Threat to Opportunity for Threat to Opportunity for
LDC 1.DC5  MNC MNC

Foreign Foreign investmnent Political Market
ownership instability
Power plays Learning. know-how Nationalisation Cheap labour
Flexibility Technology acquisition Terrorism Tax incentives
(transfer
pricing)
Powerless Creation Lack of work Raw mnaterials
trade unions of jobs habits
Restrictive Ancillary industries Agressive
practices development corruptibility
etc. etc. etc.

'The list of threats to LDs from the MNCs is taken Irom a publication by Shell ('onpanv in
Sweden: "Multialitonell Fiiretagsanihet" .'ek niska Komrersiella -konotniiska takta. Ni, F.
1I973.

"tlhe list of ,pportunities for I t)(s b% MN(s is adapted froin .'estle in iih' t Jhie Iii.m
Cm"mntrji'. Nestle Alementana S.A.. Vcey 1'75.

There are several phases of interaction between a less developed countrN and
a multinational corporation. In each of these phases the interacting actors use or
should use their available capability to minimise the threats. and increase the
opportunities the interaction offers. How large is this capability to minimise
threats and increase opportunities available to the MNC as compared with the
less developed country?. The power of the MNCs has several dimensions: purely
economic (financial strength. marketing capability etc.) and technological (the
ability to translate the latest scientific results into new, high-use-value products.
processes and services).

The most important dimension of an MNC's power. however, is its capability
to adapt to new social, political, economic, technological environments. This
capability consists in the accumulated expertise of its personnel who can:

- procure long range. future oriented basic and operational intelligence
knowledge, that is, action oriented. timely. problem identification and solving
knowledge of the threats to their survival and the opportunities for their growth

- protect their own essential secrets and penetrate the secrets of others:
competitors, governments, new social environments-all in the line of problem
solving.
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In Table I, one finds the phases of interaction processes between an LDC and an
MNC as described in literature, with an estimate of their respective intelligence
knowledge capabilities.

In the "Estimated Intelligence" column we have marked the portion that
inforrmation technology as an intelligence resource plays in the total organised
capability. The rest of this capability consists of such crucial intelligence
rcsources as secrecy and its managemnent, strategic and tactical research, person-
nel trained to acquire intelligence, intelligence doctrine based on acquired
experience, guiding their intelligence know-how.

In each phase of interaction both actors utilise their more or less well
rlanised intelligence to optimise their opportunities and minimise the threats

inoled by using the available intelligence resources, of which informatics. or the
artificial intelligence component is only a small part.

The ditlcrencc. the gap between the estimated intelligence capability of the
[I)C and the NIN(" can be detined as the extent of LI)C's ignorance in relation to

the ,IN(, If taking alvantage of an unorganised. ignorant opponent in the
process of choosing him, in negotiation with him, in monitoring his activities and
in readjusting the relationship with him is exploitation of the opponent, then the
lH)(s are being exploited by the MNCs. To decrease the advantages the MNCs
ha it i, not ,utlicient to concentrate on informatics technology. To decrease this
atantage the Il,('s must develop creativelv and innovati\ely their own in-
telligenlce capability.

HOW IX) 'THEY' DO IT?

In is StUGLSI-t) that a less developed country can speed up the development of its
intelligence function about the MNCs and its national intelligence function in
general. by initiating a study of how another country. Sweden for example. has
developed its intelligence about the MNCs. and how the MNCs develop their own,
and digesting and applying the results of such a survey.

An element' -y search of the Lund University library catalogue on Swedish
studies on MNCs operating in Sweden produced several dozen books and papers
published between 1974 and 1981), amounting to over 21)000 pages packed with facts.
data, statistics, case studies, policy proposals etc. From these studies one can
draw-among other-the following observations:

First, the interest groups and organisations actively involved are diserse-i.e.
government ministries and agencies participating in policy-making and im-
plementation, negotiation. economic and social planning, foreign relations and
monitoring of economic activities; government and university study centres
legislative bodies: managers of MNCs' firms and their competitor firms, trade unions,
association of employers, media, critics. etc. No single organisation or institution has
the monopoly of concern about the MNCs or "responsibility" for them.
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Second. dozens of individuals participated in preparing such studies. In this thce
learned the skill of acquiring and analysing data about individual %IN('s and of
significant cases of threats or opportunities they offered to Sweden. Numnrous
banks, enterprises. government departments, univcrsities in Sw&eden cmplo in-
dividuals with current knowledge about the MNCs. All these indi\ iduals of % arious
ideological commitments can be said to constitute an "NIN('s intelligcence ('oi-
munity'-they know each other, and often communicate with each other seeking
help and giving it when a particular case arises.

Third, most of the members of this informal "MNC's Intelligence ('omnunit" in
Sweden are dissatisfied with the state of knowledge about the foreign MN(s
operating in their countr\. At present there are several do/cn projects undcrwa\ in
universities, gov'ernment agencies. trade unions aimed at improming SNedisf ]

knowledge of MNCs.
This knowledge network on NINC's is onlN one informal nel ork of intelligence

making part of the total nerous system whereby Sweden learns about the changes
in the world outside and in itself. As !3jorn Tell said in a recent paper: "S\cden is one
of the most open information societies in the world. The planning function in Sweden
is widespread and the planners try to get information from a variet\ of source,. The
prevalence of teamn organisations. research groups. working committees , parti-
cipatory democracy in state boards and in the management of industrial firms.
assures an opportunity for many to air different views. l1he interacting individuals
reinforce each other's creativity and productivity upon which decisions can then be
based."

Thus Sweden can be taken its a good example of it countr\ where the production
and distribution of knowledge and the consequent distribution of power is leading to

a national system of distributed intelligence. This is an cample of a general trend
which no LDC country wanting to industrialise can avoid. The sooner a country
identifies the barriers and constraints from the past to the developlent of such a
national intelligence system consisting of distributed intelligence centres throulghout
the society, the quicker will it be able to deal with the MN('s eflecti\ el\.

The MNCs Own Intelligence Capability

In spite of an intense search I could not lind any literature sho\,in.g that
researchers in LDCs and ii United Nations agencies dealing with the \lN('s ha e
asked themselves the following question:

How do the MNCs develop their own intelligence capability about their
environment-including their competitors. and the .I)('s with which they do
or plan to do business.
I have found that mnanv researchers and decision makers frotm LI)'s assume

that there is no answer to such a question because of the "estreme secrecy of
multinationals". In reality those who are not blinded by this idea will find a whole
series of open sources of materials answering the question. Here I shall onl\ list
six sources of information about MN( s intelligence capability which I found in nny
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librar\
M ) usjies.% Intellig~enice hihliograp/iicv Example: "Business Intelligence and

Strairgic Plannling'. I-I. D~anies, Giraduate School of Business, Administration.
H arvard tjni\ersit%. 197). TVhe bibliographY contains references to hun11dreds of
articles onl competitor intelligence. anticipator\ intelligence and about intelligence
inl the NIN('s.

(2) Current articles about M~N(7V intelligence. Example: I_ Kraar\s article inl
F:ortune. March 19~80,. -The Multinationals Get Smarter about Political Risks;-

(3) C'onsulting firms. Examples: Stanford Research Institute Ilusincss, Inl-
telligenice Center and the Economist Intelligence Unit otfer their customers
special, contidcntiall\ prepared studies about competitors and N( \. Tile former
evenl teaches how% to develop such intelligence.

(4) M~N( '* pulicationsv for their emiplo * ees. Example: ).F E . Noble.Igor
ance is the L-imiting Factor-, editorial in No. I vol. 1. oif (Carrelatioav. an Frngineering
bulletin from Motorola Inc. 11~)7S. The article discusses the importance of intelligence
aw.areness by Mloto rola engineers and how it canl be improved.

(5)) (iovernoienr archices inl mans'y countries, for example inl the LISA. contain
enormous quantities of information about the NINCs which thev' (NINCs) are obliged
to pro% idC by. law. ]In its negotiation with the bauxite and aluminium multinationals in)
10(7 1-72. Jamaica used these archives with great benetit.

(0) C onle~renice proceedings. Examlple: onl June 9-11. 1 980 the OECD
Development C'enter inl Paris held at conference onl "Knoss ledge Industry aind]
the P~rocess of DevelopmntC dealing with intelligence for development. Among
participants were representai es from such companies as IBM. Nestle. and
consulting services like the Econtomist Intelligence Unit. each oif themn contributing

papers onl the subject.
To this might be addedL another crucial source onl intelli ,gence capability of

IMN('s and howk it is deveClopIing: inlterCS " sith %INC olficials InI preparing the
paper' on which this n)ote is basedI I had talks with five MN' nmaitgers. onl thle
following subjects:

the -intelligei~nce culture" oif the corporation

- the problems of anI executive\s pers onal intelligence (Mhat is his (m~n
personal sty'le to identif\ problems. to obtain timelv, reliable kiiosledge onl themn
in his dlaily work etc?~)

-personnel intelligence (w~hat criteria to appl\ in chooi.i ~gpcr~0 ncl In
general. personnel operating inl thle I D1Cs il 1pirticular. iiid hox% to sC1iNIt we themn
and t ra in them~ to fultll tilie cornpans 's intelligence neceds.)

-rmarketing intelligence about investments in the des eloping' countries.
It was surprising howA, openly the %INC managers wvill discuss such quest i ns.

provided one does not ask about current operations. and are s"illing to gise sonc
ideas in exchange during the ititerview.

How to use all these sources to improve the intelligence related to at specitic
problem of the threat or the opportunity kind at decision maker fromt an I DC( has
in relation to aI MNC is aI creative acet for which no recipe can be gis en. but oll
which he must learn to exercise "the nmost powerful weaplon-the mind-.
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HOW TO IX() IT?

Ai Mtl N I 4)1R I I S iiSefUl inl dCv elpinig an effectise Intelligence for interactions
%%11 itl, i\NC call be established.

Assumlingi that Inl thle strategic development planls the possible conltributionis
of NIN(' arci assessed, the central ta-sk of the inteigen1ce ortaalisal ionl is Itt de\ Ise
%kiai to olpilisc these Contributions anld millniis tile threats thre MN( ,
Irreset. 111C opera11tonl lans1til for SuLch1 intelligenice inl \a tins phase,,o

ill lraction s% ith \IN(', s shoul1d he relale~t Creatisel\ to the hct0 joIIi\
problenms.

leliberation siar aind atiictiloiiial struggle, I I)( should stairt to
de' elop their NIN( intelligenice using! what intelligence resources thle\ ha' e Inl
the liberhtion woars the eiielv had all thre modern wecapons ss hich thle I l)( s did
not1 hav e brit 1) using what the~y had developed c~trcmelv\ crea16 clk.

To start wxith the dreaml of using the most moderni informatics techrnoloe is,
to start onl the wrong foot iii developing the intelligenice nlecessary- to ex plotit the
NiNCs lin the development process. Thie organlising principle for acquiring inl-
formnat ics tecliioloi!v inl retlat ion to N INC(s sh onId be t1h1it of prohbIemi iden lit icat ion
and gradual imprnitaet of technologN inl dealing with thenm.

It is essential to survey the ignorance about thre \IN('s inl terms of questiols
the \INC interest groups ask albout I hem, and those t he it dot0 ask. The increaise
of awvareness of this ignorance abou~it tile NINCs is at ditlicult but in essential talsk
inl improving this intelligenic.

The dievetoptlent of ilItte1lteCe mccaCll'lsi\C all dl Ilerest 1rOulps, is at COlitilili-
ing task for the I-DC decisioiinkr as is i lie graldul. lap! )05 eITIent of ilmier-

OFI (1,1 CII1idr tlt i,]Cl f Slelin! v ountgw lmhm dual to be responl-

sible torl basi-c and oiperationial Iintetligence ablol each \,I\(
[Iho: establislicilt of a \IN( s titeltigo:nce ctolitltlatillc, hock svithont ha\ Ill,-

cetralisedl poser to deal s ilh theta) ShOuld as oid 1ie pra ;ctice of at ( entre on
Multinationals with at formal or inforimal itortopols of intefligence tcctiolog,
research capacity. regultat ion pimis ntc,

I he mapping and mlaltilagellcl ment see icv lin cacti Interest groump alld a mong
gt011' '1i1s0s,11d beC at task for thle whole nelligeiice commuilknity or! \I>7",s.

lFirialts. learn from the e~periellee of others wvith ineitii.'ch. for
e Namiple. ats tilie prinIci p Iciig Iaitd opera ted (il lil the darkest da\ lit Worl d Wamr
11: "I!teligence--t he wea po n of filhe wea"

K.



SECTION 7

Computerisation in Different Industrial Sectors:

Surveys and Case Studies of Advanced

Applications; Informatics and Small and

Medium-Scale Enterprises

Informatic applications in particular industrial sectors and especi-

ally in smaller enterprises are considered. The applications dis-
cussed range from complex realtime production control to basic use
of personal microcomputers in assisting management decision-
making. and while the main emphasis is on applications in less
developed countries, projects from more advanced environments
are also included.
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.- Application of Informatics to Production
o Management and Prospective Uses
o of Microcomputers

S. V Deodhar
IBallarpur Ildustries Limited. New Delhi

APPLICATION OF INFORMATICS TO PRODUCTION
MANAGEMENT

PRO[oi.1ION NIANA(Th\FN-T in an industrial environment includes monitoring and

controlling the various parameters in a manner that would result in, say, the
reduction or elimination of wastages. maximisation of machine throughputs,
minimisation of overhead expenses. optimisation of energy consumption. con-
trolling the input costs. inventorv control etc. The common factor in all these
areas is the need to capture relevant and reliable information and to process this
within a timeframe required by the specific application. The application of
informatics to production management got a shot in the arm with the advent of
microcomputers. Individual microcomputer machines built around the modern
microprocessor chips can now be designed so that from the view point of
hardware as well as software, each machine is dedicated to meet the requirements
of a specific application and hence does this with least cost and maximum
efficiency With the present level of development in this technology it is possible
to deijn\ such dedicated microcomputers at an attractive price with a high
performa rce. These mini/micro computers are also comparatively easy to under-
stand and operate by shop floor supervisors, who would ultimately determine the
utility of thpse machines. In this paper. I have tried to present some aspects of the
science of production management in general and the interplay of this branch of
science with that of computers, in particular. What I have not dealt with except by
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wa of a passing reference, is the basics of Informiatics and the design criteria of
the dedicated microcomputers referred to earlier. It will be noticed that this
presenitatic i has at particular orientation towards, anl integrated pulp) and paper
plant. This %as inevitable to at certain extent ats for the last tenl years I has e been
associated wkith this indust rx in India. None-the-less most of what( I have to sak on
this subject applies equalk well to other Production Mlanagemlent situations found
ceehere. I have also touched upon certain specific sub-areas of this applicatitonl
as ease studies.

PRODUCTION CONTROL PROCESS

lilt 111(.111 SI Ii H(ili N( ) in production1 is Obtained h\ mlanutringl'111 theC 1eL~tu red
kqLantity oIf thle end product to the required qualit\ at thle required tinie h% the
bestI and chicapc'st method. P~roduct ionl C0)ntrl Cssent iallh Com1priseS basiC
oiLariiatiiin. iv-lnig.cekn onl material. dfli irlarufactiling ocs

ses, allo4 cat inrg pro duct ion t ime out put factoirs. co-ird in ati inspecct n n 1d

immeiat cotro, an coreciveinformation feed back.
C omputers are used as tools. in mieeting objectives in) each (if' these three

div isions. The stead% reduction i thle cost and the imipro\ enient in the reliablilit
of mnic roelIect roniiic eq nli pilint if all descriptions is bringing the tchniqueIS aUid
benefits of computer based calculations into the reach of an es er increasing
number of firms in everv industry and although not all mlay agree out of
prejudice or ignorance. it is possible ito conceive at situation of *iero waste'. All
too often we have seen at miracle (if today turtning into a commonplace occurrence
(if tomo~rrow. One ('lily gets correct answers to ones problems if one learns,
ecirrectly to formnulate and( pose the right questions. There are no Shortcuts whIichl
could enable uts to escape that discipline.

DESIG;NING; A PLANNING; AND CONTROL SYSTEM

WinsN ii iiwlt~nmm production programmes. it is ncessar% toi coinsider the
availability of men. machines and materials.

Thus production planning and control covers-scheduling. labour control,
material control and despatch. It is equally important to consider the effects of
pooir or non-existent production control. These can include ececssiv-e work-in-
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progress. excessive stocks of materials. poor employee morale, inaccurate dcliverN
dates and low machine utilisation. By designing a planning and control system for
a, company, management is provided with an organisational tool and prior
knowledge of achievable performance is obtained. The task of production control
then is to ensure the maximum utilisation of the equipment with management
techniques such as forecasting, production smoothing. inventorN control and
simulation. This problem can be seen at three ditferent levels. Firstly, there is
the strategic problem of ensuring that the product is produced at the correct mill in
order to maximise the contribution as a whole. The second is that of production
smoothing within a mill. Finally there is the problem of ensuring that individual
machines are loaded in the most etficient manner at the mill. It wil! he seen that the
time spans involved at these three levels decrease stage by stage. At the first level the
time spans involved vary anywhere between one to five years. Allocation of products
between mills must obviously take account of the following areas: machine
capacities: forecasts of product demand: tariff barriers (if aiy): transportati, i costs:
and mill production costs, selling prices. etc.

At the second level, the time spans drop to not more than I ear. Here oie
tackles issues like--how luch to manufacture of standard line ittsnis and howN
much of special individual customner req uire ments.. Then a gain. either the prtidUL't
can be Madc ftor stock ill anlticipation of orders, or one Cal wait lft fr sutfficient
orders for standard lineh, to accumulate so thAt a rcaSotmablc lLaltiIX can bie
prtoduced in one batch. This can ease the scheduling prolems but it diOC, me A ii
that a considerabhe a mount of moncy nlav lie tied up ill finished stock. Forecastig
future demands, quantifying economiic run lengths. adequate control on stocks arc
some other factors which must be considered at this stage. [he effect,, if set-up
costs and stock holding costs ol the total product co-sts %%ill slo\ a bchaviour
pattern similar to Figure I.

At the third level, one deals with local problcnms like deckling' and ensurin1
that when customers' orders for standard lines and stock orders are beig
produced in one batch, all orders are combined together in such i .%,as as to
iniiimise the trim loss. In fact mininmisation of trim loss has bccii title of tile liost
popular coni puter applications iot onilv in paper inills the world o"Cer but also in
other places like steel rolling mills. sheet glass factories, plywotd factories etc.

Mailagemnll iltsuallv requhi res two classes of inftormiatitiln %i/, gencralisations

prepared lt relatively infrequent intcrvals to help theni in the economic assess-
ment of the mill's operations, and particular informilatitonl prepared at frequent
intervals to indicate what areas of the mill's operations require their immediate
attCitio. These wtiluld either show a decline in cfticienc requiring that action le
taken to arrest tile decline or show an improvelment in etlicienc\' indicating the
results of actions previously taken.

Thrtughout the range of computer svsteis there should be one philosophy
i.e. keel) it as simple is possible. The stages suggested to mills contenilplatiig tile
intrtiduction of productitin control systems are therefore--

* A ists.r idrth rn ierni relating ( the e
d gs of bIIa ttif paper
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Figuire 1.

Costj

Set up Cost

Mak ing c~cle

(t ) install a simple manual system.
(ii) conduct acceptance trials.
(iii) improve and if possible perform calculation and update. using at com-

puter.
It is felt that once a switemn can be seen to work it can then he computerised and
the information trusted.
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THE SYSTEMS APPROACH

A SYSITNM can be defined as a group of resources. usually meni and machines. set
up to performit a given function with at definite objective. The product ion facilities
of at tirm arc One such systerii and production control is concerned w-ith the
operation of this sy'stem. The setting of production policy miust lie relatted to "ifcs
policN ats at part of at joint corporate planning exercise. In settinig thicsc policies it
should be recognised that the actual business receivecd b\ thle firm k01 ill c~iatc
from the forecasts. Policies should be determined so that the firmt can operate in it
robust manner in a fluctuating environment, F-or instance. if*ia sudden inlease in
demnand outstrips current production capacit v. the firni canl either accept all orders
allowing its deliverv dates to lengthen : or it canl discriminate against at certaincls
of Orders so that its delivery perfolrmance to othier classes 'of' customers is not
atTected. Agzain. it is difficult ito deternmine the bhest policy oni such miaters. but
lack of any po dicN will alImost cert ai nK lead to frustrations aniid in etlicieci cies, in t he

peration of the firm . T he ,c tting of obj cti x e is the ost im port a t part o the

than designed purposefull\ ito do a particular j oh as' effect ixclx as p issi b Ic.
Attempts ito improve these systellls often g et frustrated becatuse there is, no
Objective agaiiist which to measure thle iniprox emet. Thc sx stems appro ach helps
ito focus the attention onl the importanice of setting the objectix c.

There are basicallx tko ;as of pros idinizv ;I t'NI cii C leve ofdcilx 1cr srs c
when there is at measure of ulicertaint, alIid thitlutlatiois II thie demiland pattern

(1) Hodn iished goods stock enlabliiil orders, to lie met with0t10111 in
for production.

(2) FIrovidiiig tilie req~uired flexibiliy whic-h reduces t11e prOdJUC1111Iied timeI.
The mist diffticulIt part of lie seq ueiice f ope ra in (Iiscd eri liediii In tis sctlioni

is determining the stock level. ecess production capacm it\ or ii of both which
wouldj give the samle level of service- 111C speCialiseCd C0on11ipue tm packages
based On siiiulation aiid opttiiiisatioii technliqueIs which fla\x )CCbee dcx eh)C (i\e
mathematics and operational researchers are oif great help at this stage of the
exercisec. There is no obvious solutioii because thle cost oif prox idingv ,crxice b\
stock or surplus c-apacity are of thle same order. 1-or cvaitile- t akiiig at papi
machine costini Rs- /tttoiinc of annual output and material and operating Cost
of. say - Rs. I (lIt /tonniie iii design inig a syste foi r 20,000ti( t iilies pier aunii

throughput.- the cost of x arious alternat ives wonuId lie:
I1) Iiicrease machine capacity by II0 per cent. The capital required is 20010 ii

Rs.,.(tXilx 101 per cent i.e. Rs.4,IKIIIAIIMI. The interest and depreciation
hurden oif this capital would lie about Rs.8iitiXi)i per annum

(2) Increase stock holding bv 0 weeks' Ouitput.- The working capital requir-ed

2ti.(X) x 6/50h x Rs. 1 ,(01 3.")U,M)ht.
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Capital for warehouse space at Rs.2lWt/tonnc of stock held is Rs.4,M).
Interest on this capital and dcpreciation on the warehou,,e OUld be
around Rs. IKt.IRtI per annum.

If we already have extra machine capacit%. wc il ulnl rcquire labour force
increase to give the extra capacity. It iS important therefore that all theec
alternatives are carefully considcrcd.

CONTROL AND PLANNINGI DECISIONS

WI- ARI Sill I i long way from ile daY when customers' computers will corn-
inunicate with the manufacturer's computer which will in turn produce production
schedules for each machine and despatch instructions to the storcnlan. Until that
lay comes, we will rely on computers to take decisions as per a predetermined

logic and on humans to retine these decisions further by use of their higher level
skills. The schematic of such a decision process is shown in Figure 2. Here actual
performance is compared with required performance and based on the knowledge
of svstemn behaviour, control action is taken to bring the actual in line with the
required. As an example, the required performance might he a certain capacilt
for a i fnishing operation at minimum cost. Control action could itnvole recruit-
Mie. o:erTlinic m entlies.

The other dccisions will lie in the planning systems such as scheduling a batch
on a particular machine. Wii h these decisions there is no direct measure of output
against which the eflecticiness of a particular operational dccisiol cati te
measured. The mechanism of these decisions is shown in Figure 3. An cent
occurs such as the receipt of an order -,id action must be taken to schedule the
order based on the policy and knowledgc of the system operations. Such a policy

might State the minimum si/c of hatch which should be iadc. The only measure
of the eflects of the decisions will be the throughput of the system. the Specitic
level provided and the cost (ncr a period of lime. Based on this. revisions of
policy can be made. Whatever the type of decision. designing a system for eflicient
operation involves

(I) identifying the decisions which need to be made.
(2) identifying the information required for these decisions (included poll-

cies).
(3) deciding who should make the decisions.

(4) providing systems to collect, prepare and distribute the information.
(5) design of decision aids.
If one's critical analysis of the systeti has becn carried out thoroughl.

deitification of dccisions should pose n( problems. ('onceptu ally. follhiwing a
single order through the firm is it useful way of enisuring that no decisions hiise
been overlookcd. Placing oneself in the position of ile decision maker is ,i good
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Figure 2. Mechanism of control decisions
Required

performancenc

fr ai te ontrol odr infoon de r for
S ntcrl 4I'0

o r nformation on r
,telll beha,,iour

t~f % rtt~tllI C.arnitng

on polcy. Dcision on wo sholdake n 'i t Ihe' dcisin hudtkealuto h

Mea" r em n o-f allctu all'

way of determining informiation needs. "The information Will iTIC.' lIC in -
formation on the individual order, information oil how the order interacts %kith
others. information on resources (inlcluding costs of alter-natives), an(] information
on policy. Decisions onl who s hould make the decisions should take acc:ount ofI thc

desirability of reducing information flow: and. the fact that sonic information
which is required for decision makers can only be obtained informally h cloC
contact, should not be overlooked. This is an area where much still needs to bC
done. However when the decision and the information analysis is carried out ;i,,
above, the system to transmit the information can be designed with or without a
computer.

To summarisc:
(I) Define and analyse the system in relation to the wider system of the

company. Particularly attend to:
(a) What is the system under consideration?
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Figure 3. The mechanism of planning decisions

1( )bccl%,lcll

toIic\

(b) What is the main function of the system and what subsidiary function%
are included'?

(c) How does it interact with other systems'?
(2) Formulate the objectives for the system. Particularly attend to:

(a) What are the main variables which can be used to define the system
objectives?

(b) How should policy be set on these objectives in relation to overall
company objectives?

(c) What will be the criteria by which we decide on the best system?.)
(3) Design the basic system structure, covering:

(a) What is the expected environment in which the system will operate?
(b) What alternative systems are there?
(c) What are the economic implications of the alternatives?
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(d) What are the control implications of the alternatives'?
(e) What is the best system'?

(4) Design for operation, including:
(a) What decisions will need to be made to operate the system'.'
(b) What information is required to make these decisions? .

(c) What information systems are required to collect. prepare and
present the information required?'

(d) What decision aids should be used.'
(5) Implement the selected systCnm.
This approach :an have a big impact in situations %%hcrc it has been applied-

some of the greatest bernelits come from the breaking down of the inter-

disciplinary barriers which the approach implie,, and from the unifying influence
this would have on the management. Figures 4 and 5 present the above ideas

pictorially.

Figure 4. Flow-block diagram of the system

( 'usi viic Vs

."IC, , l O epn"t
D~ept. D ei~ parlltm en

Proft
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Figure 5. Balance between the contribution from and cost of a service

du Io.c ut 'c\ ic

PRB'\4 OFI!'IMNTFO

sulhciiit aid accrate ita ion q13iuicklleog o tet'eato.rmda

Ncorre1\et irtion cntrol ditis Astfe fr cyicoe prtoblte (fui obtainn

diofpant piortesqnl being deeriednatewae (in hi overksl handletio eIiierC

and ortogll en.ders with no policY' tgudtemwhile the e.'.ctiies try to run the
company from meaningless iniformation.
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P~roblemis of this nature miust be understood before implenmenting amX coin-
pu)Lter system. othermise even worse confusion can and will result. H oxc~er using
at Corn1 puter as, at Central sou rce of in format ion for tilie orgaisatioin. thIirough
establishing miaster tiles, of daita Such ats product ion batches, Current stock,,.
machine capacities. etc.. has tremendous advantages, not least because of the
necessarv discipline which it eserts on all departments operating thle sy.temi.
C i~ive that at computer s~'steml must! provide financial benefit to the comipany.
there are four attributes of at computer which enable this to he achieved. A
Computer can:

I ) process large \ oluimes of data
(2) with great 'accuracy
(3) of Considerable CoIliplesit\
(4) at high speedCLS.
These are usualy the areas of greatest weaness inl mnalK produictionl

control systems where the sheer si/c of clerical ellort retli red to prov\ide anld
coordinaite all thle inforniatioin to run the coiliialN elfectivelv suillv iakes such
at course oif action uniecononmic and imipraicticable.

It is viab necessar\ thai aI new% comlputer user shall gain exsperience initiallk

in isft: diexpensive wvay. He Should not t ry to imp~lementcopiae
S\Sells ilindiael but adopit a step-lv-step approach towards conipreliciisi~ e

comlpany systemns. However, one shoul I guard agWail'ti ieeIC10-dijitd
approach. TFhe best policy to atdopt is to definie the long terml diata processing
objectives- for instance the inmplementation of' a CoiiiprehenIsive product ion Col-
trol svstemn which rminimises stock levels and wvork-in-progress, reduces, through-
putl tiiies. optimises imachine utilisation. and ensures. as' far as, possibile the
meeCting of deliV'ev daitles and then working towards this step-lw-step. by starting-
ofT with at stock control systemn or aii order breakdown system and addinig furtherl
sections ats the previous ones become full justified. Atteipting to put illi a full\
integrated production control systemn straightaway w~ithout gaining experience
with sinipler sYstems first would very probably result in hilghly e~pensive failure.

If a very, long terrii dlata processinig Appl icatIin tis envisaged In pn idUCt i in
cointrol. it is probably advisable to go for initial establish menit of information for
the systen e.g. order breakdown. netting and] batching, stock control. etc. It is,
very Important for all levels (if managemencrt to be iiivolved in the iiiplement at ion
of a computer system, no mnatter how, trivial the initial application mnay scent to
be. Particularly in the larger applications, it is necessary for (the senior manage-
ment to make clear policy decisions dcliuiiig tilie overall strategies which are to bie
adoipt ed and foir tilie mniddl Ic nmageminnt to bie in X' iled al t a m ire detailed level iii
decisions concerning thle design of thle system. The principle should iiet erb
foirgoitten that co mputecr systemsl are run hb thle line ma naL'emen t of thle com m
and not by the computer stall whether tihe\ bec in-house or atita bureau. [he datm
processiing stall arc there to provide at service to line inanagenment wvho still ha~ e
responsibility for ensuring their departmnital sxvstetni are oper-ating elfectivel\.
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FINANCIAL IMPLICATIONS

IN N( i iint usI( ix of thle production control 'Astern can tic itscscd bx\ first
seCt i[i niOut the pri dUCt i m h ndgMe. Tivpicatllv the budget figures \.%ould relate ito i
%,.eck s perfornmance and are derived through research into the previous I'
monthIs' actual performance onl one hand and market requirements for thle future
dul\ modified ito tit wkithin thle broad manageme nt policies, oni the other. Thus a
h u id LIp of produnetin is pros ided t hroiugh:

(I) Allowable time loss. anaissed to Component parts.

(2) .\sailable pailer rnakin! time and loss time.
03) Deckle. substance and speed.
(4) Breakdowni anld paper making time expressed as, percenitages.
'Ihese figures must be determined for each machine aid each prodUCt

ithereof. The build upt of' productionl in this mariner facilitates:
ait H ie iiastre rurit of act ualI perfoirrimane ageainmst standlards with v rarilcs

.mrralvsed b\ the factors of production.
(b) 1 The presentation of changes in the production pattern.
(c) The final appros al of thle bUde~et.
C~ertainu other issues also nced to be considered when rt is intended to use

Computers to assist In this exercise. For eviniple:
a i) Which paper ru aCh i slI Sonuld fill which orders'.
(1-1 Whatt wouid be the best machine to curtail ti a period of over capacitY?
(c)I What would bec the economic effects of undertaking specific rebui Idilne

projects onl specific paper muachines'?
(d)I Whitt Would be thle econIomlic effects of making specific changes niI the

product-mii.'
(e) Whatt tvpe of new% nmachine would best serve future demand'.
Thiese aid oilier issues Canl be dealt with adequately if the comnputerised

ss sternI is dos loped as, at miutIipurpose datta bank, extractinig thle dat a needed to
allocate demanud to paper machines h\ tile use oif well established andt( powerful

techniques like I inear Programmiing' and 'File request management sN *stem'
[I oweser. ats muore working experience is gatued. eseil thle non-linear charac-
teristics 0. Certain relattionshipis should bec identified arid thle computer model
improved futIher h\ emplo 'iOng tile technrique of *SimuiatiinC. Typicall\. tile L.P.
model structure can bec di\ ided into tilie followxing main row categories-

(a) 1-colnomlic mueasures
(b) Raw material requiremnicts
(c ) Paper miach iii capacities
(d) Miscellaneous conustrainuts
() elnds.
Yhe si/e of thle mat rix would vary according~ to the detail. D~ata requirements

wsould covecr--
a,) M'at er iaI flo ws-
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Demand attributes.
-Production descriptions (gridc. basis. wveight, colour. etc.)
-Tonnage requirements
--IDelikerv points
Paper machine attributes.
-Raw material availabilit\
-Paper machine capacity
-Location
Demnand attrihutesi Paper machine interact ion.
-Product ion rate
-Raw material requirements.

(h) (Cash tlow-
D~emand attributes.
-Price
-Discounts andi reblate'
Paper machine attributes.

-Raw material cost
-Chemnical additives cost
-Paper machine operat Iing cost

Figure 7. Interaction of production and other systems

k,,

'I ' d ,,. 0
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Demand attributes/Paper machine interaction.
-Freight cost
-Sone paper machine cost%
---Micelhaeous costs like handling. finishing, etc.

In fact the concept of conimiot data hank can he so emplovcd that the bank
would be useful to other comnputerised svst eris dealing in] the areas of-

(a) Sales and standard cost analysis
(h) Protitabilitv analysis
(c) Marketing statistics

(d) Tax accounting
(e) Credit management.
Figures 6 and 7 show a typical production svstCe i and its intcraction with

other systems.

TOTAL INFORMATION AND CONTROL SYSTEM

COM.U'T.'RI-I) SNISIIS- C\i can also he applicd to other areas of opcrations. notably:
(a) Stock preparation
(b) Stock blending

(c) Control of refining
(d) Basis weight control
(C) Moisture control
(f) Headhox and other control loops
(g) (irade change control

(h) Bleach plant conrtro

(i) Coating control
(j) Finance and accounts
(k) Inventory control.
It can generally be said that computerised s\'stems have the potential for

olTsetting increasing labour and material costs through improved manufacturing
etficiency. An ideal solution to the total problem may involve computerisation in
selected arcas leaving the rest to merely real-time data logging or controlling onl
a few of the process variables. Each company and each mill represents a unique
functional activity with individual economic and technological needs. This should
influence the selection of methodology and areas for computcrisation. For exam-
ple. grade change programmes are generally not justified on machines thai make
infrequent grade changes such as for newsprint and linerboard. yet good returns
have been obtained On small line paper machines-partly because thev make
frcquent grade changes. Thus it is towards relieving the economic shortcomings of
the mill that computerisation should be aimed. A superior understanding of the
sN stn should result from prior research and project implementation and is usually

1
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credited with contributing significantly to improvexlents. Another important
benefit resulting from process computerisation is the reduction in process vari-
ables as evident in the lower standard deviations, which, in turn, improves the
ield.

Because of the relative characteristics of sales, variable costs, contribution.
fixed costs, and pre-tax profit, a 5 per cent increase in production translates into a
much higher, say 12 per cent, increase in pre-tax profit. When higher production is
obtained without a proportional increase in raw material consumption, the effect
on profit will be even more marked. Thus a 5 per cent increase in production. as a
result of improvements in cooking and bleaching. accompanied by a 2 per cent
decrease in variable costs. may give rise to about a 25 per cent increase in pre-tax
profits. The leverage realised by a production increase is determined by thek.
relative magnitude of the contribution and fixed costs. Thus the desirability of
computerising a mill cannot always be assessed solely in terms of accounting
principles. In fact. the final decision to go ahead with a project has. like many
business decisions, often involved an act of faith in the future.

Figure 8 shows how a process control system provides total information and
control.

Figure 8. Process Computer System provides total information and control
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0Evolution of Computer Integrated

Manufacturing Systems

T.R. Crossley
University of Salford. United Kingdomn

INTRODUCTION

-Tins PAPER iS concerned with the evolution of those manufacturing industries
which are involved in the production of discrete items of high-technology
mechanical devices in small quantities. By definition. manufacturing industry
involves organised activities. The organisation extends to all phases of the activity

from the identification of a saleable product and a suitable market, through the
actual manufacturing processes. to the sale of the product and the provision of

after-sales services, and it involves many extremely complex relationships.

MANUFACTURING SYSTEMS

THE MANAGEMENT of an engineering concern strives to control the interplay
between personnel, materials and machines with a view to optimising the activity
as a whole. Traditionally, this control has been determined by a largely empirical
approach. In the early 19N0s, however, the idea of scientific engineering was
conceived and the techniques of systems engineering were applied to manufactur-
ing for the first time. The set of procedures employed by management. the
information networks and the equipment available within a company may be
regarded as parts of a system responsible for turning raw inputs into material

351
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product outputs. This so-called manufacturing system is concerned with aN ele-
ments of design. planning. control, machining, assembly and testing processes. It
consists of a system in its own right made up of individual sub-systems conneled
by paths for communication.

Changes in economic policy and the rising costs of materials and labour
together with the social trends producing shortages of blue collar workers have
forced changes in the way many companies approach the problems of manufac-
ture. The purpose of a manufacturing system is to convert inputs into outputs. Its "
performance in achieving this may be evaluated in terms of two criteria: the
production efficiency measured in terms of labour and machine productivity, rate
of stock turnover, delivery performance, etc., and flexibility, which is a measure of
the ability of the system to respond to changing demands and resources. Many
companies, in particular long-established concerns now operating in areas of rapid
technological advance, are finding that their manufacturing systems. evolved from
intimate man-machine relationships of the 19th century. are no longer eflicient I
the face of increased competition, or flexible enough to keep pace with changing
markets and technology. Machine tools and personnel have been added to
increase capacity. ageing equipment has been replaced by more productive plant
and new skills have been developed but very rarely have changes been made to
the actual manufacturing system laid down when the manufacturing unit was
established.

ACTIVITIES AND COMMUNICATIONS

THE A(r"IVITIES WITHIN an engineering manufacturing system may be divided into
five broad areas:

(1) Product identification, specification and design
(2) Production scheduling and forward planning
(3) Production planning and control
(4) Actual manufacturing processes
(5) Inspection and quality control.

These areas are interconnected by routes for the flow of products and in-
formation. If the system is to function cffectively it must have facilities and
methods not only for controlling the physical flows but also for the timelN
generation. collection and communication of information, and many of the
problems in manufacturing are caused by poor communications between areas of
activity.

The traditional conveyor of both physical items and information is man. It is
now held that the degree to which it is possible to optimise the performance of a
manufacturing system is directly related to the degree to which communication
within the system can operate without human intervention. Planning for optimisa-
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tion in manufacturing is, therefore. synonvinou with utomating the manufactur-
ing system, from the design concept to the finished part. P'he area of manufactur-
ing which has attracted most attention to date is the most lab-our intcnsivc area.
the actual production process, and it is in this area that the most Significant
advances in automation have been made.

TYPES OF PRODUCTION

BJORV CONSIwRIN( the extent to which the automnation of production proces'e

has developed, it is necessary to identify the different type, of production process
employed in manufacturing engineering. There are three main types of produc-
tion, although all three tend to be closely associated and tlall okrcrialp in ian
circumstances.

Job production

Job production describes the method by which single articles are nanufac-
tured. All engineering concerns, whatever their nature. are hlvolved at some time

or other in job production be it the manufacture of small components required for
maintenance of plant. the production of prototypes or tools, small jobbing
contracts for other concerns or large-scale job-type production such its ,hip-
building.

Usually a wide range of general-purpose. versatile machiner, and cLuipmeinCtt
is available together with a stalT of highly-skilled personnel and i permanent Store
of standard materials and components to permit the nianufacl tLrc of as greal a
variety of work as possible at short notice. The fluctuating demand, on a job
production system make it necessary for the systen to be highbl flexible and
change rapidly to suit each particular joh. This is usuallyelate posible because

individuals, or small teams. are given responsibility for parts, or the whole (f the
job from beginning to completion and, therefore, the communication problems
caused by transfer of authority, information and goods from one section of the
system to another can be avoided.

Batch production

Batch production may be defined as the manufacture oi a product in small or
large batches or lots, by a series of operations, each operation being carried out
on the whole batch before anly subsequent operation is started. Batch production
is by far the most common method of working in manufacturing industry- and it i,

ILt
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estimated that approximately seventy-five per cent of all parts produced by the
metalworking industries are produced in batches of less than fifty.

Batch manufacture has several major disadvantages caused by the delays and
movements between operations. These communications problems include:

Large amounts of work in progress develop which involve large capital
investments.
Large production storage areas and generous transport facilities are needed
and a very effective planning and control system are needed to meet
production deadlines.
Comparatively long production periods are needed due to the time that each
batch has to wait before proceeding from one operation to the next.

Batch production probably presents the greatest problems in manufacturing due
to the combination of poor efficiency and communications with the need to
maintain a high degree of flexibility for a continuously altering plan of work
output to be applied.

Flowline production

Flowline production is the manufacture of a product by a continuous series of
operations. each article going onto a succeeding operation as soon as available.
Flowline methods are usually only applied when components are required in very
large numbers over long periods of time. The manafacturing system tends to be
very rigid, and depends heavily on large financial investments on capital equip-
ment which is designed and arranged. with knowledge of the type of component
to be produced. to operate at optimum efficiency.

MECHANISATION AND AUTOMATION

Tin: WORD AUTOMATION, which is generally used when referring to increasing the
efficiency of a manufacturing system, is used to describe the automatic handling of
workpieccs. The earliest examples of mechanisation in engineering were the use
of multi-spindles and power feeds in machine tools. Later developments included
sequence-controlled machines which, once set up. could produce large numbers of
identical components faster, and at higher rates, than manual machines.

By automating work handling, machine tool and information feedback wys-
tems. it has been possible to attain very high levels of efficiency in manufacturing.
In general, the method of obtaining this efficiency has resulted in very expcn,,ive
systems. rigidly designed for the production of specific items and only of ue in the
mass production sectors of industry.
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NUMERICAL CONTROL

THE EARLY AUTOMATIC MANUFA(CIRIN( systems were based on special-purpose
machines and work handling equipment designed and constructed to carry out a
single job with little or no variation allowed, with the specific purpose of obtaining
high output of accurately made products. Such systems are of little use in batch
manufacture.

One of the most significant attempts to applying the technique of automation
into batch manufacture was the introduction in the 1950s of numerically-con-
trolled machine tools.

The advantages of the NC machine over conventional equipment in batch
manufacture include:

The ability to produce components of consistent geometry and quality at high
rates for long periods so reducing scrap and rework.
The use of long control programs and automatic tool changers make it
possible to combine many conventional operations into one NC operation.
Rather than relying on jigs and fixtures for geometrical information, as do
conventional machines, the NC machine obtaias all the required information
from the control program.

As NC machines became more sophisticated it Aas necessary to employ aids to
their programming. This led to one of the fir,,t applications of computers in
manufacturing.

COMPUTER-AIDED MANUFACTURE

THE DEVELOPMENTS in computer technology during the early 1960s led to a rapid
expansion in the number of applications of computers. About ten years ago. the
use of computers had advanced so far that the term Computer-Aided Manufac-
ture (CAM) was coined to describe the application of computers in manufacturing
systems. More recently, there have been many applications of computers in batch
manufacturing. These may be divided into the off-line processing of data pertinent
to produce design and manufacturing planning. and the on-line control of
production processes and information.

Off-line applications

Off-line applications are those in which the computer is remote from the
manufacturing system and operates independently of it. It is convenient when
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considering CAM systems to consider planning and control as separate sub-
systems. The computer-based production planning systems that have been
developed typically include program modules and procedures for:

Requirements planning
Capacity planning
Scheduling.
Typical computer-aided production control systems involve modules and

procedures for:
Purchase control including replenishment of raw materials, stock control and
purchase order control.
Production and assembly control including materials control, load control.
inventory control, tool control, job control and dispatching.

The ot-line type of applications are usually the result of applying the computer to
the manual procedure. The speed and accuracy of the computer permits the
optimisation and simulation of plans which would be impossible in the time
available using manual means.

On-line applications

On-line systems may be divided into two sub-systems: those for monitoring
and information systems and those for control of manufacturing processes. The
purpose of monitoring and information systems is to register and report produc-
tion data. This may be data concerning active, idle and breakdown times of
different machines. inventory transactions or job status and is collected autonia-
tically via direct connections to the computer. These systems provide management
with up to date information regarding the status of the manufacturing resources
and so increase the flexibility of the manufacturing system by easing the decision-
making processes.

There have been many developments in computer-based control systems
which include:

The sequence-control of a production line. which may involve the knowledge
of production data including the number of pieces produced. cycle time. and
idle time.
Computer Numerical Control (CNC) of machines which is numerical control
in which the hard-wired conventional control is replaced by it ininicomputer
programmed to perform the control functions.
Adaptive Control (AC) of machine tools in which the computer is used to
measure, for example. cutting forces and speeds and to control the axis
motion and spindle speed accordingly so as to maintain the oplimuni metal
removal rate.
)irect Numerical (ontrol (I)N(') of machine tools which is the connection of

several N( machines to) a central digital compute for part-programmc
distribution and storage.

The characteristic feature of (n-line systems is that a dedicated computer is



EVOLUTION OF COMPUTER INTEGRATED MANUFACrURING SYSTEMS 357

used in real-time mode. that is, the computer is available at any time on demand
to perform its function.

INDUSTRIAL ROBOTS

DEVELOPMENT of general-purpose industrial robots was commenced in the late
1960s, and rapid progress was achieved which enabled them to be put into
practical use in the first half of the 1970s. It is expected by the Japanese Industrial
Robot Association, JIRA, (which was established in 1971) that robots will be put
into wider use in the future and that their full-scale dissemination throughout the
developed industrially-based countries will take place in the 1980s.

Industrial robots are commonly defined as manipulators which have a high
degree of freedom and which perform versatile movement functions. The Table
shows the classification of industrial robots and their respective definitions as
approved by the Terminology Standardisation committee of JIRA in 1974.

Table i. Classification of Industrial Robots

Name Definition

(1) Manual manipulator Manipulator which is directly operated by man.
(2) Sequence robot Manipulator, the working step of which operates

sequentially in compliance with preset procedures.
conditions and positions.

(2)-I Sequence robot as defined above, the preset infor-
fixed sequence mation of which cannot be changed easily.
(2)-2 Sequence robot as defined above, the preset infor-
variable sequence mation of which can he changed easily.

(3) Playback robot A robot which is taught first a certain working
procedure through operating it. so that the robot
itself memorises the procedure, then it can
continuously repeat its operation.

(4) N.C. robot Manipulator which can execute the commanded
operation in compliance with numerically-controlled
information such as positions. sequence, or
conditions.

(5) Intelligent robot A robot that performs various functions itself through
sensing and rec,'gnising capabilities.
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Advantages of Robots

(i) Industrial robots enable improved productivity. particularly as an
effective means of automating small batch production which could not
be achieved by existing special-purpose automatic machinery and
equipment. This advantage can only be obtained from highly-flexible
working functions characteristic of industrial robots. That industrial
robots have such functions is clearly indicated by the fact that they are
able to easily meet changes in specific work required with the passing of
time-for instance, their operation programmes can be easily modified
to cope with model change-over (time flexibility), and the spatial
modification of their working and movement path can be easily made
(space elasticity).

(ii) In the case of mass production, where product redesigning requires an
enormous amount of time and money for remodelling, industrial robots
can save much time and money.

(iii) Industrial robots can be diverted to other applications or be transferred
to different plants.

(iv) Industrial robots are capable of 24-hour operation and thereby greatly
enhance the efficiency of expensive plant and equipment.

(v) Industrial robots enable substantial changes to be made in production
volumes.

(vi) Unlike human beings, industrial robots are free from fatigue of simple
duties performed over long hours and reduce the number of defective
quality products caused by such fatigue.

(vii) Industrial robots can increase the service life of tools such as welding
devices and can economise on the use of materials (for example, paints
by precisely repeating the given motions).

(viii) Industrial robots help prevent industrial accidents and occupational
diseases often caused by working in dangerous environments and under
unfavourable conditions. This is one of the greatest socio-economic
advantages to be gained.

(ix) Industrial robots help reduce economic losses caused by workers leav-
ing their jobs due to working under unfavourable conditions.

COMPUTER INTEGRATED MANUFACTURE

COMPUTRs are being used in ever increasing numbers in manufacturing systems
but in a somewhat disjointed fashion. New applications have solved particular
problems but the overall contribution of the computer has often been less than
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that forecast. It has also become apparent that it is riot enough to superimpose
computer technology and techniques onto traditional manufacturing systems.

The most promising concept for solving the problems of efficiency and
flexibility is the Computer Integrated Manufacturing system. Such a system would
bc based on work stations, interfaced by automatic handling systems, which have
been designed from the floor up to efficiently interface with the digital computer.
All aspects of the manufacturing activity including detailed design, specification.
manufacturing engineering, materials management, production of parts, assembly.
test. warehousing, sales and service, would be controlled by individual modules of
computer software, all of which would he linked together in a hierarchical system. )
CIM is a total technology which will involve tremendous ;maounts of software and
will be evolved over a fairly long period of time.
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oAutomation in the Automotive Industry

P. Flapper
1)AF Trucks B. . Holland

INTRODUCTION

DAF TRt(KS" MAIN *.ti-\ i \ is the manufacture and selling of trucks of its own
development and design. In the struggle for survival it is essential lhal products of
high quality are dciiered. and that service given after sales is adequate to ensure
a reliable functioning of the products. Annual production totals 17.000( vehicles of
various kinds, such as trucks, trailers, buses, and container transport. Also main
components i.e. cabins, ales,. chassis, and engines are delivered both in Holland
and abroad. It stands to reason that the use of automated information is a vital
element to ensure an clicient and alert management at all levels of the conlpan\.

The company has a corporate systcns and automlation department which
operates central computers and supports a number of decentral miniconputer,,.
Central computers are linked to these decentralised units and to the computers of
subsidiaries abroad. A special timesharing computer serves a great number of
users in the marketing and sales organization as well as in the engineering
departments. Moreover for engineering and manufacturing purposes a number of

smaller desktop computers are in use to perform technical calculations of \ariou,
ki Is.
lt"utomatisatioll follows the main functional processes in the compan\ ;Ind

covers the following areas: research and development. manufacturing, marketing
and sales, parts. and finance a ( economics. Apart from corporate s stcnis, of ;I
general nature like financial planiing, wages and salaries. and a peIn,,iton ,,\,ic nl
which are not related to the automotive industry in particular, the following Main
groups of information systems are dealt with in this paper: svstens ,upporling

research and development: systems supporting manufacturing and assenib: iand
systemls supporting sales activities, truck performance and after sales scrxices.

3~\
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TheLse three topic,, help) illustrate the use of automated informnation process-
ing in the truck indlustrN and cover the present state of the technoloIzv used in
Sinie aipplications. ytm support for the control of a numnber of p-)rocesses, in

our opitthrn. is at mrust for surv ival fin the conling decade.

SYSTEMS SUPPORTING RESEARCH AND D)EVELOPMENT

(OMI'l IRS ANtD ( (AIN'1 R PRO(ORA*MS arc used to perform verv complex cal-
culations in speciali/ed branches Of indust rN such as avtation. I-Iowe~er more and
more coniputers are becoming at dail% tool iito engineers. draftsmen and research
people. This development has been stimulated by% ever decreasing prices of
hardware and the availability of adequate Notm~are. It is expected that this trend
will continue. Typical of the reqjuirements if a s~ steml operating in at technical
environment is that it must be interacti-,e. Research and de~elopnient imlpl% a
g~reat number oif alternatives from % hich onei has to choose. oisequentl% tilie
sy'stemn should bec able to react quick l% in at dialotnuL ,-ith the user. Another tI pical
reqluirenienit of technical applications is the rnced tor graphical present at ions of
calculatt ion results. intclIudi ng thle actuialI pro dunet ion (if tchcliial d raiigs of parts.
I)AF is prcsentlx active in two of these applications: technical calculations ill
tiniesharitig atid autotiated research bN tiieans ot realtinre s ' stetis.

TechniiicalI ca lculIationis co nsist of caIc ulaitions related to at %lchiclIe. h\ progiais
specifically written for that purpoise, e.g. performiarnce calculat iotis. simulat ion of
the brakingi systemn. simulatioti (of ride arid] vibration behaviour. atid calculat ions,
using stand(-ard software based oii the finite elerienit Miethod lllTNl ito tacklec
comiplex structures on stretngth, rigidiit\. atid- %ibratioris of' chassis of C11iernes
Realtimle systems handlitig trial runs have to deal w ith an eriortuol.1 \andc (it
values to be measured by vartous tiieasuririg-equipmerrt and an ecii Lerc;ircr
vartety in results when processing these tieasuretients. To comipletc this tasd, hel
cornputer system should be cotipatible with at nuniber (if itnstrutnits arnd beL eisx
toi proigram for one specific applicatioti. I)Ah uses Such SN'Stet1i for rnilasurine Alld
arialy sitig the cornbustioti atid compression iii eninites and the nboise produced I,\ a
\vehicle. As stated above the trend to ititegrate aUtoitiatioti ill the dai l\ process %%ill
continue. It will neither be linmited to calculation arid atialysis, nor be coiined to
coirtrol oif machinies or proicesses otnly, but extetided to technical design arid
drawing. Usitng database itiformiatiori necessary to the eniinieer like nortms.
miaterials. arid past experietice Of deCsigning.
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SYSTEMS SUPPORTING MANUFACTURING

Main Data Base Structure

In l97(1 DAF decided to implement a manufacturing parts list. in addition to
an existing engineering parts list. At the same time an end-product structure was
introduced, based on options per product type. A basic end product type together
with a set of selected options can be expanded into an engineering components
specification or into assembly instructions. Both expansions result in a total set of
assembly parts, constituting the end-product. In the same way an assembly part
has both an engineering and a manufacturing structure. Applications of the
manufacturing parts list are:

Maintaining assembly instructions per work centre and per assembly line and
assigning particular instructions to a truck order.
Maintaining the parts production sequence. having opportunities to define
extra levels for operation and for material management purposes. Both parts
lists are modification controlled.

End-Product Order Control

Order entrv': orders are entered into the system by the Sales department in
4-weekly batches. The number of types and options in a batch are checked and
deviations beyond certain limits are printed and discussed by Production and Sales
planning departments. In this meeting also sub-orders are discussed. Delivery dates
from Production to Sales are established and are input to the system.

Linest;: linesetting is performed in weekly batches. Using the assembl\ lines
otfsetting schedule. delivery dates for all assembly line components are derived from
the final delivery dates. At the same time a material availability check is performed
taking into account the available economical stock of predetined critical assembl\
parts.

Lite instructions and material supply: for each assembly line the derived week lv
component batches are prepared. For each line order, an instruction specification is
printed, showing the type. relevant option(s) for that line. sub-assembly information
and additional information e.g. chassis and engine numbers, etc.

The sub-assembly instruction is compiled from the assemblv-instrucion data
base. At the same time the required assembly parts are determined and . 'alled in
weekly batches, while some high volume parts are kept in daily batches. Material
picking lists are printed and stock on-hand is automatically decreased to reserve parts
for assembly. Shortages are reported. The reserved assembly parts are stored in a
work-in-process-file so that parts can be booked out for work completed later.

Line order completiots: when a line order has been completed. a report is input
to the system. The work-in-process-file is read and the relevant assembly parts arc
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sent to the material control and costing svsterns for hooking ofl, invoicing and
etticienICx calculaktionl purposes. Final iisml.ln ompletions arc ailso sent to after
satles. ser% ice sNystems to prepare service douieiielts.

Cowing: inl ttic costing sstm all assemrbly parts are calculated qluarterly to
obtain new cost prices, although at fixed cost price is, Used throughout the \ear for
insoicinielpurposes. B~ased onI this fixed cost price. the assembly parts concernled, and
%vaIlue added per assemly linec (dependent onl product tope I thle order cost price I,,
ca lculkited foir each assenii bN l~ i ne separate lv and totalled foir an in vi ce to the Sales

department. Ore tii \cluains are performled per assemlyl line. b\ hand.
Ver\ soon th.:; will bie autom011ated and extended to work unlits per assembly linec

.- lft'rsah\. inbirniationi because thle after sailes Organisat ion has at separate pairts
list, based oin spaire parts to he sold, a transformation Of produtio n in fo rmation into

spare parts terminology is provided for au1.toniaticall . A\ list Of inde1Xes to e\ploded
x wNs is produIced. bs \% hich the ser-\ ice peoiple find the relev.ant spare parts At the

samei timec at list of, specific order information is produIced to support thle w arranlts

departmient. such as chassis. engine. fulel pumnp and keY TLnmbers. ( oies of these, lists
are sent to the internal transport departumnt. qualility control department. eCL.

Material Controll

Malterial roiiuremn'ts pilatming (AIRP ): a master sche~dule of as'SCIblvA parts is,
upda&ted periodicall% and serses ats input to this system. The initiation of the
miaster sehedule is decribed below. At present the' R ,. -sfsem is still aI gross

Ickliilcilent poes netit reqt~il-ireents and ltme sc1 huli rc estblished.
inl11NIlls . Withinl aI 'oule of moniths at net requiremenctts planning sstm will hie
i 1 ~CIII ciited. \\ IIIClI alIso pe rfi rnis shl-i rdecr aMid pI-elir ase -o rdler suggeL!st in~s.

ss hich acaleeifs 5hdinput iiithe trder system. Net requ11.irements" are based
on the ister ci liceitn tc and orderts already conifirmed h\ sup1plier, anId
actilciilatetl lead time., [hle start sill ble onI a fixed frequency fixed quarltit\ baisis, as

uIsed Ii thle fACtorsiosAla At at later sta ae other mlethods such as ecoinmical
orderI LIJiMI or )Iar! peiIud batlaing1 \%ill be sUpptirted iiv tile s\sticIi.

Piui iaw 'tde, ,nimmd purchiase orders are -hlaiiket" Orders to cover supliesc,
of a full cal i( least l)elis ers schlesII' against these orders arc generated and
updated petriodica lls .. A selesfile contains both firmiltiantitics, and indicaiions Of

f'tttire requireimeints. Rceip-ts, are checked ag~ainst thec.;e schedlesIC and t ratnsactions
arc fed to thle stock control and to thle a1ccounting systems,. Stoin. qualitN control
fea~tures e.g.. saimiiple test res tilts an d at akIsi s reports, will hie added to thli systeml.
Information regardinlg latte or earl\ delis cries is generated weki.to enable quick
correectioils. A sub11-contracting file is kepjt to register sub-contracting activities in thle

tmanufact uring process.lihe Orders are handled like purchase orders.
.ShopFlookr( wifral: manufacturing orders are controlled throughout the v arious

Operations concmi ed. Related to) manufactuLring orders are tile material require-
menits, received froti the manufacturitng parts list. Material issues are iiainually input

-1i comtparedL with the stored requiremetnts. Shop floor documents aregtrte
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from the operations tile, linked to the manufacturing parts list. Work in progress
control, order status-reporting and efficiency calculations are performed per order.
per operation and per workstation.

Stock Location Control: the system provides the opportunity to register
stock-movements in every required detail. As already stated, the interface with
assembly control is fully automated.

On-line inqui. ies: a constantly growing number of inquiries on a continually
increasing number of terminals (VI)U) is supporting clerical and production
personnel offering information asked for from the data base.

Material planning: the gross requirements of assembly parts are built up from
three different sources:

The first period of four weeks consists of the maierial required by orders
already under assemblx order control. This material is already reser ed
and booked from stock on hand.
The second and third period of four weeks consists of orders alread
planned (delivery date) but not yet in the assembly process.
The fourth up to the 13th period are generated from sales forecasts
which means estimated quantities per type and per option within tvpe.
Because some assembly parts are selected by a comnbination of options.
quantities of those conibinations are calculated by the system taking into
account the recent turnover in those combinations.

The real orders will in time of course deviate from this prognosis and
therefore a safety stock has to be calculated. This last subjc,.t is largely based on
experience and adequate formulas have not vet been introduced in the ,%stem. It
is however under serious study.

SYSTEMS SUPPORTING SALES ACTIVITIES,
TRUCK PERFORMANCE AND AFTER SALES SERVICE

Topec

To back-up its sales organisation. DAF Trucks has develcped a number of
programmes under the heading of 1opcc, which stands for Truck Optilum
Performance and Economy Calculation. Our sales organization has access to these
programmes from anywhere in the world. Connection can be obtained b using a
portable terminal via the telephone network. This direct link provides rapid
availability of information. The programmes are interactive and can be executed
in the Dutch, French. German or English languages. One of these programmes is
T.P.P.-the Truck Performance Program. It has been developed to meet the
increasing demand for informition on vehicle performance to be expected. e.g.
tractive effort, gradeability. maximum speed, acceleration time, and an increasingly
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important factor. fuel consumption. Processing the input, the program makes use
of a library, in which essential data about components of the product line are
contained, ce.g. for engines. number of cylinders, bore and stroke. torque cur% c
and the iso-diagram. Similar data is stored for gearboxes, axles and tyres. From
the type of component given in the input, the system is able to obtain thesc

essential details from the library and produces economic calculations when asked
for. Upon completion of the input the vehicle specification is returned, so that it
can be verified. For each gearbox ratio the following data is calculated: vehicle
speed in ki/h, tractive effort available at the wheels in KN, surplus engine power
in KW. maximum gradeability in motion, acceleration time when shifting up and
accelerating from stationary. If the results are not satisfactory. changes can he
made in the vehicle specification and calculations repeated. If asked for. a fuel
consumption diagram is nroduced. Another Topec-feature enables the client to
make his choice (on subsequent levels) from the various alternatives shown on the
screen of a colour terminal resulting in the picture and description of the ,chicle
that corresponds with his wishes.

Visar, vehicle consumption indicator and shifting advice (Registered trade mark)

This is an aid to save on fuel consumption and to adopt a style of driving that
guarantees the lowest possible fuel consumption. By means of a microprocessor,
relevant sensor data like vehicle speed, revolutions per minute of the engine, and
engine load are calculated to ascertain the actual fuel consumption. This con-
sumption is shown on a fuel consumption indicator with high and low scales. As in
Topec. Visar uses the iso-diagram. This iso-diagram can be considered as the
fingerprint of the engine, giving the lowest possible fuel consumption. Per type of
engine an iso-diagram has been stored in the microprocessor. Whenever necessary.
shifting advice is given to indicate that consumption will improve by shifting up or
down.

Ir.s. International Truck Service

I.T.S. is a service to drivers that encounter difficulties abroad. In the case of a
breakdown abroad drivers may have difficulties with language, money,. specific
parts etc. Daf I.T.S. is available 24 hours a day. 7 days a week, to give the
necessary assistance. By just phoning I.T.S. Holland. all steps are taken to ensure
a quick repair and to biing the vehicle on the road again in the shortest possible
time. These services include guarantee of payment. supply of special parts.
appointment of authorised repair dealers etc. Data (on breakdown-reports
received and dealt with. are registered. with all relevant information such its
geographic location, type of defect. previous occurrences of this fault, repair
dealer, type. chassis number. etc. Relevant data recorded is used to report on
frequency by day, and .)y year. spread over locations, kind of defectN. etc. Results
are used by the warranty department, quality control department. and the parts
and costing department.



0Technological Options and Banking

P. V. Cremin
M' Batik of Ireland, Dublin

INTRODUCTION

N(' )NY. N ALi iFS FORMS. is a core/concept of modern societv. FundamcntallN.
money is information which defiri/s the relative material position of someone
vit-a-viz someone else. Basically, it is information stored on the medium of paper
and nlcfial. To harness the revolution of informatics. all we need to do is exchange
the paper niedium of money for the electronics medium. _

- conmLntional bank' loo)ks like that portrayed in Figure I. 1t consists of a
hdad office with physically remote branches radiating from it and. radiating from
cach branch. are individual customers. Because of the necessity for integrity and
honesty in dealing with physical money, the calibre of stall in the head office and
the branches must be high. Therefore. stall costs in banks are disproportionatel
heavy. The nature of the business means that all the branches must be located in
the shopping or ul'lsincss centres of the cities and towns. They are, therefore.
invariably expensic premises. The er, simple model of a bank."i-it-Figure
suggests it,.li4.f;Ztotal rectangl.rYrevenue and the two constituents are costs
and profits. It is nor to scale. The major portion of costs is made up of stal ald
premises. "T'he model helps to illustrate the impact of stafl and premises on the
overall profit of a bank,

Because of the vicious escalation of stall and premises costs, all banks in the

Western world find themselves confronting a dilemma. (See Figure 3). In Luropc
and certainly in Ireland. the conventional bank products of current accounts alld
deposit accounts are becoming less and less economical to the extent that a large
number of accounts are loss-making. This situation results from the high cost of
processing transactions. The revenue and costs curves in Figure 3 are convcrging.
If one attempts to generate more revenue by selling more accounts. the co,,t,

360
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Figure I.
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curve goes up. Since its slope is basically greater than the reCenue curve. One (1111%
exacerbates th-- problem.

AVAILABLE ITCHNOLOGY

I IIAVF~ R [C 'N-ii.-y had occasion toC look at lbhc financial or ban king pi 'dIuet O f 111ne
manufacturers. One rather striking feature occurs repeatedly. In spitc oif the
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major advances at the basic technology and component levels. there are no 1es,
services or products emerging in the financial field. Technological advance is being
directed into costs, reliability and speed where the improvements have been very
dramatic.

it is still the traditional defensive role of data processing. i.e.. to autonate
existing processes and to convert labour-intensive activities into capital-intensive
ones. that prevails. Technological advance is not being used as a basis for new
products or services. Yet the dilemma of all banks, the converging revenue and
costs curves, suggests that a radically new approach is required either through new
products or by a major restructuring of the type of bank portrayed in Figure I.

The process through which technological advances get through to ihe man in
the street is worth examining and is shown in Figure 4. The requirement, of the
end user are mapped onto the banks through a process of representation.
assumption. market surveys, etc. The process can have at onc-way or two-.'ay
flow. Through a similar process. the banks' requirements are mapped onto the
manufacturers through a marketing mechanism. There is. probably, two-wav flow
involved. In turn, the manufacturers impose their requirements (n the component
makers who, in their turn. employ the advances made at the fundamental
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Figure 3.
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technological level. It is a reasonably long. vertical, communications process.
Many of the upper levels involved have a marketing or commercial orientation.
The rapidity and complexity of thc microclcctronics revolution have precluded
those upper levels from an understanding and an appreciation of the l)o%%cr of the
technology. Hence. I suggest that this is the reason for the ,lowness in the
production of new services and products.

For the majority of manufacturers, the users and hanks. the top two levels of
my model in Figure 4 are specifically in North America or in the more advanced
countries of Western Europe. I have already said that appropriate solutions were
slow in coming forward or did not come forward at all because of product life
cycle. diffu.,ion of technology, etc. But the solutions, relevant or irrelevant, have
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Figure 4. Technological Diffusion
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been designed for a North American or European market. The problems of other
countries and other banks, will be defined or. indeed, re-defined to match those
existing solutions.

My model in Figure 4 could have another level added to it as follows. It
represents the LDCs, and shows how they do not fit in the process of diffusion of
technology up to business and commercial applications. I will put some technological
data through this model at the end of the paper which. I hope, will prove its veracity.
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WHICH TECHNOLOGY?

THE WORI) TECHNOLOGY is loosely applied to particular sectors. Hence. one talks of
online technology, offline technology, distributed intelligence, plastic card tech-
nology (or more recently plastic card culture as it now epitomises a way of life).
viewdata technology, etc. ci is a personal and arbitrary categorisation of
diferent aspects of teehnologand their applications to banking. It attempts to
plot the relevance of each type of technology in that it shows the point in time
from which it is generally available to the point at which it is no longer relevant
for economic reasons. obsolesence. etc For instance. one could centralise and
automate a bank's accounting system su essfully and without risk from the mid
0s. But from the mid-70s onward, online technology, and terminal systems
allowed one to put intelligence in branches and make them less dependent on
central computers. Because of the investment involved, the ccntralised sxstern

would still be relevant until the early 80s.
A bank will have to develop a very wide 'look angle' in order to position

itself correctly so that it can avail of developments. The look angle can be
demonstrated as follows. 'I 'e narrower one's look angle is, the less option, or
flexibility one has.

Because of the awareness of rapid economic and technological change and
the availabilit v of new methodologies like technological forecasting. wc can take a
fairly wide look angle, with some confidence, if we choose to do so. Because of
the investment involved, the relevant duration o each technology and the

Figure 5.

NIl
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dramatic impact of each step up in the diagram of Figure 5, one can ill-afford not
to use a very wide look -angle.

For example, if one looks at the technological options available in 1981 with a
narrow look angle. as demonstrated, one would see and consider the following
options:

On-line data collection and report distribution to branches:
Some straightforward self-service banking, e.g. automatic cash dispensers:
Distributed intelligence and information availability at branches.
If any one or a combination of these options are implemented. it will have

the effect on the resenue/costs curves convergence as illustrated in Figure 6. It
achieves a stav of execution rather than a commutation.

Figure 6.

T
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It achieves no more than this because it does not address the basic structural
problem of uneconomic products and high staff and premises costs. The revenue
model of the bank would look like that of Figure 7. The premises and staff costs
wou!d be contained or even marginally reduced as a proportion of (he whole
rectangle because increased automation at branch level would allow an expansion
in business without an increase in staff or premises costs. Hardware costs will
increase substantially. Generally, the revenue profile of the bank will not have
changed much. The centre of gravity of the bank is still very much enclosed by the
staff and premises costs.

On the other hand, if one takes a wide look angle, as demonstrated, one
would consider the likely technological options of the 90's some of which are
included in Figure 5.

If one looks at the potential of home and office banking that can be achieved
through the use of domestic television sets and telephones plus viewdata tech-
nology, it is difficult not to conclude that it will become all-pervasive. Using this
type of system, it would be possible for a bank customer to dial a telephone
number from his office or home and look at his statement on his own T.V. screen
connected to a bank-owned private viewdata system. Another example could be
communication at transaction level. Instead of using the present paper-based
cheque payment system, a customer could instruct his bank, from his T.V. set, to

Figure 7.
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transfer funds from his account to the credit of a third party account. It would be

possible for a customer to make a loan application through an interactive

program. Or order money which would be despatched by registered mail. Or,

indeed, he could set up his own standing orders and amend them as he saw fit.
We have not introduced electronic rmoney. An earlier technology included

the ability to distribute memory and processing power to individual members of
the population. For instance, the chip card is already in existence in several forms.
One can have value input to it and use it as an electronic wallet. The French
banks are just about to use it as a cheque substitute in point-of-sale applications.
One of the major advantages of this distributed power is that it enables offline

electronic funds transfer, this attribute is particularly important to countries that
do not have a highly developed communications infrastructure.

If one could visualise. for the momenit. an untrammelled jump from the bank

portrayed in Figure I to the bank portrayed in Figure 8. some very dramatic
changes occur in the financial structure of a bank. The bank in Figure I was a
labour-intensive service industry with disproportionately high staff and premises
costs. In the bank in Figuic 8. all the customers have terminals. i.e. T. sets.
which they have paid for themselves. They access a large central bank computer

systen using their terminal and the telephone network. The customer pays for the
telephone call as well. The bank of Figure 8 is a self-service, capital-intensivc
industrN with very low premises and staff costs. Our earlier financial model would
now look like Figure 9. The bank of Figure 8 could now be described as an
information industry and could survey other than financial information. These real
possibilitics are offered to show that it will not be sufficient to sa that one will he

responsive to change. One Must anticipate change and position one's self correctkl
to be e!fccti-c.

i will stretch our look angle one last bit. It now includes electronic money.
Some foolhardy souls ili the "0()*s forecast the cashless society. I think they wcre
carried away by the general euphoria and mystique surrounding computers. It vas
not possible to map out the steps to a cashlcss society from the "(?*"s. With the
advent oIf microelectronic,. one liav cautiously predict a ne'r 'ashless societ\. If a
niicroconputer can be imbedded at low cost in. for instance, a card (and it can t.
then every member of the population can he given one. Using a relatively cheap
transaction unit. value can be passed from one card to another. If one %%anted.
one could insinuate a bank into that transaction process. But it could bc a pri\ ate
transaction between two people Iard enabled by them l oth. Two of the rinai
reasons for the evolution of banks was to safeguard and to distribute pl, scal
niotiev. -lectronic ioticy transfer between personalised licrocomlputers ob iatcs
those two reasons. By pursuing this train of thought, very interesting scenarios can
be generated.

I said that I would put some data through the technology ditlusion model of
Figure 4. The chip card has come from the cormponlent level of in. model or
maybe a little bit above it. It will have many powerful applications, particularly in
the electronic funds area. It is cheap and it will allow secure, oifline \working. It
should be ideally suited to [IX's. However, many major computer manufacturers
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Figure 8. Bringing the Bank to the Customer
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have made a major investment in online systems. A large part of their produ,:t
line is activated bv conventional magnetic stripe cards. Equally, there are many,-
banks with massive investments in automated teller machines and plastic card
technology. This investment and commitment has led to pressure for the chip card
to conform to existing plastic card standards. This will constrain its development.
For instance, if the chip card can be thicker than standard, it can be madc more
robust and can incorporate cons entional edge contacts rather than surface con-_ "

tacts. This. in turn. would result in chcaper and more robust transaction units-'
There is also pressure to include the con entional magnetic stripe on the back of
the card to enable it to be read in current card activated devices. The result of
these pressures could be an emasculatcd plaslic card substitute ratber than tb'4
personal. cheap. portable and powerful payments instrument that it is.
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o Appropriate Informatics in Industry:
A Third World Viewpoint

'MC tpal K. Banerjee

( "ouniutroi(s. India

INTRODUCTION

THE 19S0s t.-\- MIARKLt) the beginning of the Third Development Decade during
the Twenty-Seventh Session of the I.NDP Governing Council in Geneva in June
1980. It was estimated that the cereal deficit among developing countries would he
88 million tons bv the year 210(K), or two and a half times the deficit of the mid
1970s. In 1980t. more than NN) million men, women and children were experienc-
ing. every day. a deficit in minimum caloric intake, while 8MH) million were
condemned to use impure water and 500 million were denied basic shelter. It was
further estimated that over the next ten years, the labour force will increase by an
average of 45 million new workers each year. placing enormous new pressures on
the capacity of developing countries* training systems. All this is apart from the
problems of over poptlation. demands for education. poor condition of health
and almost no protection of the environment (Rateau. 1981).

looking closely. one can discern wide di'ersit, among the developing
countries themselves. In the OECD study on "Facing the Future" (OECD. 1979) the
following fixe main elements were highlighted:

(i) diversity with regard to the volume of population ranging from hundreds
of millions to hundreds of thousands or tens of thousands:

(2) dispersion of average national revenue per capita: 34 very Poor countries.
with 1.2 milliard individuals, had an average revenue ranging from 70( to
25A) dollars in 1976. At the other end of the scale. 27 countries have an
average revenue of between 670 and 27M0 dollars for a total population of
44) millions:

377



378 INi'ORMATIi(S ANDINDI. S I RI At [)[I II{PI N' I

(3) wide disparity in the rate of economic growth during the past 15 or 25
years. ranging from - I per cent to rates higher than 4 per cent:

(4) appreciable differences in the internal distribution of revenues:
(5) large variety in the availability of natural resources. The case of the oil

producing countries illustrates the importance that the evolution of the
world economy can give to this factor.

Thus, it can be seen that a great deal remains to be done regarding
development and the reduction of the inequalities among nations.

SITUATION IN INDIA

0\ RPOPtI I IO. leading to a legally enforced overstaffing. has become a way of
life in industry. Taking Kenya as an example. Clayson (0980) described the
industries as oMcrstaffed by American or European standards. In America.
producti ity studies consider the substitution of capital for labour or even theelimination of labour b\ better scheduling. In Kensa. these options are not always

possible. In fact. in man\ cases the national goals are directly opposite to those in
American industr+%: the substitution of labour for capital is encouraged as well as
an increase in staff through a reduction of scheduling. This is neither a topsy-turvy
world nor an irrational one: it is a world to be taken seriously and on its own
terms.

As regards the use of computer-based information systems. there are two
computer service bureaux ) Nairobi which help to run a few computerised
inventory control systems in Kenya. While stock levels only are calculated, there
is no prediction of future sales or re-order supplies. There are, however, several
isolbted Operations Research type (OR) techniques being used in Kenya. e.g..
online inventory control for spare parts in the automotive industry: least-cost
animal feed-blending: production scheduling in the textile and sugar refining
industries: risk analysis for new tourist hotel complexes: and online government
social security and police records retrieval. But each of these techniques was
imported directly from outside Kenya. Without adequate training personnel.
Kenyan firms have been unable to adapt these imported techniques to other
purposes or to use them for teaching new skills. In several cases. internal
antagonism to imposed organisation changes concomitant with OR techniques
killed their implementation. In Africa as in America and Europe. imposed OR
will be branded as yet another form of "imperialism" if it is not supported by all
those workers directly and indirectly involved.

The above industrial situation is typical of many Third World Countries
where there are few ongoing computer-based information systems or in-
stitutionalised OR activities within the industrial environment. In order to under-
stand the role of 'appropriate informatics' in such an environment, the following
hierarchical levels have to be visualised in industry:
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(1) Operational control level: the organisation is identified with supervisors
and the like who execute decisions and use resources in conformity with
rules in a real-time perspective. Their interactions are limited to work-
centres based on readily available information which is tailor-made to
problems. The decisions are programmed and highly repetitive in an
environment of certainty, e.g., acceptance or rejection of turned-out jobs
on lathes, ordering for material based on re-order levels and re-order
quantities, etc.;

(2) Managerial control level: divisional or departmental profit-centres are
operated on set rules, resources allocated and performances measured on
short-term time perspective. Information is adequately integrated on a
historical basis. Decisions are not programmed, although repetitive in an
environment of risk, e.g., product-mix. layout of plant. etc.:

(3) Strategic control level: The corporation or divisional top management sets
objectives to determine resources for the system on a long-term time
perspective. Considerations are for the whole organisation, based on
predictive and not so accurate information. Decisions are not program-
med and are on a one-time basis, in an environment of uncertainty, e.g.,
location of a new plant, introduction of a new product, etc.

CONCEPT OF "APPROPRIATE INFORMATICS"

IN INDIA, as in Third World countries, quite a few industrial computers can be
used at the operational control level, with data-sets comprising transactions,
working and master files. At the managerial control level, some additional
external data is needed and computer capability can be used for producing
monitored reports (prepared at specific time-intervals) and triggered reports
(calling for executive intervention). Less common at this level are the demand
reports (of an investigative and inquiry nature) and planning reports (involving the
environmental data'. Strategic control can be achieved at the topmost level of the
hierarchy, although seldom helped by computer-based data-banks, since the latter
need to maintain a large amount of environmental data besides the organisational
data bases (Srinivasan. 1977).

The basic ideas in "Appropriate Informatics" are then as follows:
(1) Automated control of industrial process can be tried out only at the

operational level where a high degree of instrumentation is possible and
where response time is very short. Here digital computers can be used in
a real-time environment and man-machine interfaces can be built up to
gather data on operational problems and to transmit control commands
either by operators or automatically through computer devices in a
repetitive manner;

(2) Since decisions are not programmed (although repetitive) at managerial
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control level, automatic computer control should be discarded in favour
of operator guidance. If permitted response-time is medium, data-
processing can be on-line, with off-line communication of control in-
structions for action. If. however, a long response-time is permitted.
data-processing can be in a batch mode, with still off-line communication
of control instructions-

(3) At the strategic control level, the off-line demand and planning action
described above are yet to become sophisticated in the developing
countries. To that extent, off-line use of computers are justified for
specific problem-solving.

Some illustrations of appropriate informatics have been attempted in the
succeeding paragraphs at operational control, managerial control and strategic
control levels, particularly as they have been either planned or practised in India.
The leit motif running through all these applications are that the role of human
labour and skill have to be kept in view wherever possible. and the computer has
to be brought into the picture more for providing operator guidance than for
automated control. The viewpoint applies to all developing countries.

An integration between operational control and managerial control can be a
stepping stone to strategic decision-making at the corporate level. Such an
approach can be illustrated typically for an integrated steel plant as shown in
Figure 1.

ILLUSTRATIONS OF OPERATIONAL CONTROL

IT wILt BF. EVIDENT that if a high degree of instrumentation is possible. automatic
control of industrial processes can be introduced. A few examples are furnished of
these extreme cybernetic processes in the succeeding paragraphs.
Industrial process control: Data is collected on-line for the industrial process
through automated sensors, and also from direct access files by a dedicated
computer or micro-processor. Appropriate control programs and sets of control
variables needed are built into the memory of the computer. Optimisation
algorithms provide the bases for adjustment of the control variables to bring the
industrial process up to a desired optimal performance.

For instance, an IBM-18M0 computer is used for controlling every LD
operation in the "heat" of steel making shop number I at the Bokaro Steel Plant.
The process control function is carried out around the clock by the ther-
mochemical model which uses the criteria of temperature of the steel at the
completion of the blowing of oxygen and the endpoint carbon, for successful
end-results. The model runs through the following stages:

(I) Initial charge calculation based on quality and quantity of steel for every
"heat":
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(2) Calculation of blow requirements (including bath additions)-,
(3) Corrective action in case the blow did not result in desired specifications

of steel;
(4) Calculation of ladle additives, e.g., ferro-manganese or ferro-silicon;

(5) Self-correction based on the results of the present 'heat' to make ad-
justments to the marginal drift in the values of coefficients.
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The last feature actually ensures that any deviation in the values of the
coetficients is taken care of by an adaptive feed-back loop.

The important parameter in the above kind of application is the 'response-
time' of the process control, since the computer has to control its environnment by
receiving data, processing it and returning the results sufficiently quickly to affect
the environment at that time. A response-time of less than a few minutes is often
needed, which justifies the real-time computer use. The algorithms for controlling
the process are usually well-defined, thus making it possible to calculate the 'worst
case' response time in order to assess the risk-margin with some precision. If the
computer is not dedicated to the process, it must be capable of handling multiple
interrupts, as the transaction needing a fast response-time has to break into
programmes doing less immediate work. Files or data-bases become significant
only where tables or data sets have to be maintained in the computer's memory.
usually in the case of optimal control calculations.

The computer-based control helps in blowing oxygen on molten pig-iron in
order to oxidise carbon, silicon, sulphur and phosphorus at a temperature of
l5(H 0°-I) 0 C inside the vessel, while adding fluxes through hoppers. The res-
ponse-time for the entire process is 20-25 minutes. The cost of the system
including all peripherals is Rs.54 lacs ($590,0(0) at the 1.7 million tonne level. The
estimated saving in terms of improved performance and production is Rs.I crore
($1.1M) per year. through reduction in tap to tap time, reduction of reblows.
reduction on consumption of ferro-alloys and reduction in off-heats. The other
intangible benefits are better co-ordination, improved lining life and integrated
information control and data logging, resulting in better understanding of the
process and for future development.
Th vristorised Shear Control: This is yet another application of on-line process
control in the steel industry. The system consists of the following:

(I) Automated sensors for measurement of the length of. a semi-rolled
red-hot billet while in motion:

(2) Thyristor control system for regulating the speed of a 1.2 MW flying shear
motor: and

(3) Computer programs and necessary interface for cutting billet lengths to
minimise end-crops.

The shearing operations in a I million tonne billet mill at the Bhilai Steel Plant
are controlled using a TDC-312 computer. The on-line control system measures
the length of the semi-rolled products and estimates the length of the final rolled
products. It then determines the optimum billet length to produce minimum
end-crop. Finally. it generates and supplies the desired signal value to the
thvristor control unit in order to regulate the flying shear speed for obtaining the
desired billet length.

The complete system, developed at a total cost of Rs. 10.5 lacs ($1 15.(M)
(without the computer cost), is expected to save Rs.I crore ($1.1 M) ever' year
through decrease in end-crop lengths.
Machine Ti ( ontrol: Here the control program is implemented through oT-
line data processing by a digital computer. to achieve the following benefits:
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(1) Machining of components of great complexity with tolerance conditions

and repeatability:m
(2) Flexibility and ecoinmy in the production of simple and complex parts.
T"he above benefits relate to increased etliciency and better service. and are

hardly linked with saving of manlo~wer.

The functions of the numerically controlled lathe machine are as follows:
(1) The product it) be machined is dimensionally defined in an engineering

drawing. along with material type, surface-finish and tolerance:

(2) The complete description of all motions and machine-functions required
to fabricate the part is manually specitied in the programme and the
off-line data-processing by computer creates the control paper tape with

detailed instructions:
(3) The machine is loaded with the job and the proper cutter. The control

paper tape is now read on-line and the feed-back control system executes
the command by guiding the cutter in the predetermined path.

It is to be noted that the entire job can be undertaken by an on-line.
real-time computer which can generate the necessary cutting instructions after
executing the part programme instructions and the results can be communicated
on-line to the numerically controlled machine so that the material is mo ed
accordingly.

Benefits in the above control process are- assured quality of performance on
a repetitive basis. elimination of operator errors and feasibility of all operations
being done at it lesser skill level once the basic programmes are properly written.

A few more examples of computer-based on-line process-control systems in
India (data through sensors, on-line data-processing. on-line feed-back control.
short response time) are as follows:

India's largest computer-based control system for monitoring the fast breeder
test-reactor at the atomic power plant at Kalpakkam near Madras:

Computer-based control system with telemetry-interface operational at the
Sriharikota Rocket Launching Facility for data acquisition and analysis:

Computer-based data-logging and control system under installation at
Gujarat State Fertiliser Company at Baroda.

(N.B.: The fabrication and supply of the TDC computer systems for the
above three process-control applications are by ECIL. Hyderabad.)

ILLUSTRATIONS OF MANAGERIAL CONTROL

SINCE THE DECISIONS are not programmed here (although repetitive), automatic
computer control cannot be attempted. Data is collected from source documents
manually and conveyed to the computer through terminals. Two alternatives are
possible for operator guidance:
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(a) Data-processing is on-line, with off-line feedback of control instructions
for action, with a medium response time;

(b) Data-processing is off-line, with off-line communication of control res-
ponse for action, with a long response time.

A few examples are furnished of both types of guidance system in the succeeding
paragraphs which are planned in an on-line mode on Burrough's 68(g) series
computers at TISCO and Bokaro Steel in India.

On-line management control

(i) On-line production planning and control systein can be of use in any large
industry. It has a high pay-off potential in an integrated steel plant where the
utility is particularly at the slabbing mill. hot rolling and cold rolling mills, and the
merchant mills. Major control objectives are visualised as follows at Bokaro Steel
(Technical Services Division, 1978);

Effective order processing ensuring best customer satisfaction:
Improvement of yield.
Reduction in mix-up of finished materials and in-process inventory:
Reduction in work-in-process inventory;
Optimum planning of quality and sizes in rolling programmes and

campaigns to improve life of rolls, ingot moulds. etc:
Reduction in fuel consumption.

Effective benefits, going by the experience in the West and Japan, are expected to
be the following:

1.3 per cent improvement in yield:
10.(XX) tonnes reduction in mix-up losses:
20) per cent reduction in work-in-progress inventory: and
Reduction in fuel consumption in furnaces, along with improved ingot mould

and roll-life.
The annual financial benefits are expected to be between Rs.2. I crores ($2.3 M) and
4.5 crores ($4.9 M).
(ii) On-line inventory control system can provide a large industry with corrective.
follow-up and review facilities. Control of inventory-levels and triggering of
automatic purchase-orders are feasible in order to cut out excessive lead-times
and to generate "'alerts" for undue delay in supplies or deficient stocking or
excessive stocking. In TISCO, more than I(0),(8) items are handled at Jamshed-
put. 20,(XX) at mines and 20() at collieries. This gives rise to nearly 40.(XX1
transactions per month. At Bokaro Steel Plant. over 120.(") items of inventory
are maintained with transactions nearing 150(H) per month. It is proposed at both
these plants to locate terminals in the stores to collect details of transactions and
generate alerts for exceptions. This will facilitate minimum corrective action and
provide a facility for controlling inventory level and cutting out excessive lead-
time.
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A benefit of around Rs.I crore is considered feasible at each Plant by
reducing lead-time and by bringing down stocks to a 9 months consumption level
from the cur-ent average of 12 months.
(iii) On-line rtin' material control system is useful where such raw material as iron
ore and coal have varying compositions over time and where sophisticated
equipment such as stackers and reclaimers are available for oreblending purposes.
Blending is a must for consistency in sinter and coke composition. otherwise the
blast furnaces behave erratically due to wide variations in tile burden com-
position. Because of large amounts of materials and their quality fluctuations.
proper blending at the storage silos requires quick processing of large data volumes
using mathematical models and simulation runs.

The system at Bokaro Steel is planned to have terminals at the blending yard.
storage silos and inward exchange yard. While maintaining master information on
all raw material stacks and silos, the computer is to get feedback information on
wagon arrivals, material analysis and details of wagon and rake contents. Control
instructions, based on statistical models, are to predict the blend and composition
of material going to sinter plants and blast furnaces in order to improve the
latter's operations. Even a I per cent gain in productivity of the blast furnace should
result in 20(00 tonnes of additional production per year.

Off-line Management Control in a Batch-Mode

(i) (Computer-baseI manpower planning s y. ten planned for 3.2(XI exccuti.es ald
30.500 non-executives at TISCO. The master information relates to dates of birth
and joining, grades and designations. marital status. family particulars. blood
group. accommodation and bonus eligibility, qualifications and training. All
changes in their status are to be furnished as feedback information, in order to
cover control areas like recruitment, growth planning, training, refresher courses.
welfare facilities, trade conversion training, and so on. regarding individual
employees and their specified needs.
(ii) Computer-based structural design planning system is meant to assist in the
design phase of substantial construction work at Bokaro Steel. involving an
additional 1.3 lacs tonnes of structural work and 2.2 lacs tonnes of equipment
erection for the 4.0 MT stage. Master information relates to design specifications.
needs of the plant and indigenous manufacture and supply of sub-assenblics and
components. Based on feedback information on design progress. changes in
requirements and performance evaluation. control results are required by solving
structural engineering equations.
(iii) Computer-based maintenance planning system aims at not merey recording
the status of major equipment and planning for their components and spare parts
(to be made available in time for preventive maintenance), but also indicating
control schedules for the desired shut-downs and subsequent maintenance activi-
ties, consumption of spares and progress milestones.
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ILLUSTRATION OF STRATEGIC CONTROL

TH OFF-LINE DEMAND and planning reports. envisaged above, are vet to be
stabilised in India. To that extent, an integration between operational control and
managerial control is a stepping stone to strategic control at corporate level.

Rastogi (1979) attempted a cybernetic analysis using a systems dynamics
approach, to some ill-defined problems and policies at TELCO and Ashok
Leyland. While this could be termed strategic control in industry, his analysis
suffers from a lack of quantitative rigour and a facile assumption of com-
munication of all feedback information, without specifying where and how
precisely it is linked with control instructions. Srinivasan (1977). on the other
hand. illustrated a few information indicators for strategic planning in industry.
such as. "economic trends and forecasts". "political trends and developments
'social trends and forecasts". "'competitive information". "technological trends

and forecasts", market data and internal data for planning. These indicators are
outputs from a data-bank, which has not so far been created in any Indian
industry but, with progress in communications and computerisation. is well within
the limits of realisation. Once automated, even for a long-term time-horizon.
these indicators can considerably help strategic control which is currently depen-
dent on manual information.

/
CONCLUSION

_&rYPIcLL, operational control processes in industry are most susceptible to

improvement with recursive learning situations. In fact, the statistical and OR.
models can be progressively made both sophisticated and comprehensive, as
logical fallacies and missing data are identified with passage of time. At the
managerial control level, the learning situation is almost wholly human, although
it can cope with advantage with better monitoring and planning reports from the
data-processing system. 'Appropriate Informatics' will pave the way to such
judicious applications which can bring the best results to industry in the Third
World.
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r=4
o Thoughts on Informatics and Small-
o and Medium-scale Enterprises in the

Third World

Maurice Goldsmith
Science Polic Foiodation. United Kingdom

CONCEPT OF AID
I

Nowi AI lit B(A;tNNIN(i of the SOs. a, we move into the third de%-elopment decade.
the concept and nature of aid is being redefined. No longer do we continlue to
cultivate the fantasy of aid as essentially a good deed. That is best described as
*tied charity, which few countries seeking self reliance see as anything but a
neo-colonial device. That is out. completely unacceptable. It is not aid. but
support. that is needed. Support for what.

To ensure that the poor dot not become poorer. but are provided with a road
leading away from their poverty: that the hungry are provided with food. not
purely as a charitable handout but on the basis of an innovative social process
which teaches them how to grow food themselves: that the wanderers. dis-
possessed and homeless in their hundreds of thousands, are provided with secure
personal roofs: that the illiterate, numbered in millions, are provided with means
of learning to become an unchallengeable and vital national resource.

In this task, industrialisation is a key, an important element in the process of
modernisation and diversification. It contributes to increased employment, and to
the establishment of a modern, outward-looking group of managers and skilled
technicians and workers. But-a note of caution-it can contribute, also. to
serious economic and social imbalance.

The Third World (TW) countries are a highly diflerentiated group. Thus.
according to income levels:

388
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(i) L.east l)eveloped, e.g., Bangladesh, Tanzania. Yemen. (uinea. Upper
Volta

(ii) ()ther lowA Income (les than $.400(t per capita) e.g., Egypt. Indonesia.
Pakistan. India. Vietnam-

(iii) Low Middle Income ($4.X)-I(11W?) e.g.. Korea. Morocco. Philippines.
Tunisia, Bolivia. Swa/iland. Jordan:

(iv) Upper Middle-Income ($1(XX4-2(XX)) e.g.. Brazil. Yugoslavia. Mexico.
Argentina, Turkey:

(v) Itigh Income (over $2<111)) e.g.. Israel, New ('aledonia:

(vi) OPEC Members.

INDUSTRIAL DEVELOPMENT

ff1: INt)rSIRI -it f1\ It ()P\u.Nt record of the TW countries a.% a group during the
past 2(0 years has been impressi,,e. whether we use the criterion of manufacturing
value added, or the share of the national industrial sector in the GDP. or the
share in world industrial production (Table I).

Table 1.

Percentage Pcrccntagc
A% erage annual Share of Industry

growth I 61- I7'O in GNP

Industr Agriculture 19)1 147l'

I .onv-incolnlc Lc% elopiFng
countries 6.10 2 1 17 24

Middlc-i' come
developing
countries 7j, 3 1 32 17

Industrialised
countries 4) 13 401 3S

Industry has been growing much faster than agriculture: about three times as
fast in the low-income countries, and more than twice as fast in the middle-income
countries. But this growth has been uneven among different countries and countr-
groups. For instance, the rise of the share of TW countries in world industrial
production has been from 14 to 19 per cent between 1963 and 1977. By contrast.
the poorest countries are falling relatively further and further behind.
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SMALL AND) MIEIUM~ SCALE ENTERPRISES

S\it\ I t M I DI% NI I RPRISI s (SNISEs) pla\ anl important part inl the product xc
Structure in the lirst World (F-s'v. USUall thcv make up 90 per cent of the total
number of Ctmpatlies. and provide from 310 to 6(l per cent of total cmplo~nment.
"the\ are prominent inl mietalworking. capital goo~ds, textiles and cloithing, food.
fu rn ituLre. ce ramiiic produnets. non -metallic nmi nerals. and publiish in g.

Inl the main t he\ arc concroed with ai dJomeStic market. although there are
sig~ns of, growIng International inl\ ols erlit. 1-01l iristarice. hev ' account for fromt Is
to 310 per cenit of the Subsidiaries of parent companies of Euro~pean origin (pri-
nuarils West ('ernanx F-rance. (the Netherlands. Sweden. S's it/'erld anld the
UK) kI perat inuC ill Bra/iLI Mexico., Peru, ando \ene/uela. and for a similar percen-
tage (4 the licensing agreemjents mnade by Lur pean firins in those count rtes.

\\'fat part dit the SMNI play inl T\ countries'. C learly. a role more
imiportantl than that inl 1AV countries.

In a count r\ Such as India tilie smnall scale inldustrial sector contributes from -41
to SI)O per cent of total industrial production.

The agicultural sector in motst TW~ co~untries cotributes tmore thatn51
prcent o)f the GNP'.

Ihus,.. special attenition has ito he paid not oinlk toi the stnall busitness
entrepreneurs, hut alsoi to the farmers. Together. they provide emplovyment for
ox er 00 per cent tf the less Sophisticated, lowl\ skilled, and tiiainl\ illiterate.

INFORMIATICS IN THE THIRD WORLD

jAt iitIII informiatics inl T-W countries serves the research and academic
groups. big business. and large-scale industry,. who) alread\ understand the value
of information in their wkork.

If informiatics is to support national development it must concern itself with
the stmall and tuedium scale.

Infoirmatics is relevant immediatelv ats an information systemn for the newvly
industrialising countries (NIC's-Spain. Portugal. Greece. Yugoslavia. Brazil.
Mlexico. Hong Kong, Korea. Taiwan. Singapore.) It is a highlyv heteroigetieous
g1roup with respect to geography, per capita income. and development Policies.
But, it is also characterised by rapid growth in the level and share of industrial
emnploymrent. expansiotn oIf export market shares in manufactures, and real per
capita income levels approaching those of somec of the advanced FW countries

What advantages do SMSEs in TW coutntries offer') These ares m
suggestions:
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()I hctrl Iccliinulgx, ill termls of labout mIlcnsit\ andi sitiall st-alc ot opt-ratlion is

Iltost stlitale tit domellstic Conlditlins.

(ii) I licit l -iii iciln stI,' I I 10i11 iiIiohll Ii ti.ttil101. I. hirLoC tCCCil-h

(ll I lie\ .illC 1IiN51445C 1 
to IIa Ill ro1it f111Wl4r Ml \ CIttILs %% 111h lorcivll

I\Ihis ins okelCiiIiIa int CCIC Miole tit\ else orc 'It ltlr 1111101!

Info~n);ltics as ;t koaca t 1 krh4LL ICd(12 ill Z01C M.1%WiC of theC sitJII JIi

meidiuml ,Calic enterprises Ii T\\. C44LInt rie Is of signliticinCC oiih If applied to the
at t aj Iilit tit nationalt a objct ives.

thlis IiCealts tha~t at ecilatr tit~lC5 4 lhC ifllpIi1-IttIOIIts(1 o ltoIIItiits tItLIst

lie kdcSCit pcd at gotvernmentl lt cS l. And tg0'crni it mu11st h aw aI plan ti n(ational~t
tC\ Ct)4pliClit. that Is, scieceIC andt tCChilolog\p4iis iiiilhri~t~ t

\Wc kno%\ s cr\ little abouit the atppropriateness (i41 file tritnsCI- of kv1145'J, cC
Ii f iCe atrct \%c haw', beenl considering. More factfinditig and much reseatrch Is,
riccdCet. such ats:

I ( lathrini(if 4 infttrmtltojt toi IIIitit. -elicral picllC ti1 IiC phellollCi)411

(ii) ITILIClltiiCAtittl of indus11tries ill "hIiCh sj4CCi~tI attentlllt to (lie Ii it

Initroduced 1to ft tk1 akhanltalc of illiIliltics:

(i\ I Stud * \4 If he Imipact of itihirialics transfer onl the SNISFs:
(4 lo Of the puitIc potliCo impli wtIiow ilsotr C45ii IliC Int

In foirmat ics mnigh t pros ide that fact Li ill th tiCs;on d CCO)011 "na'sIliich \kill (21i a11IC
thotse countliries onk ly1)\ Centering IliC itidnst riti dl' iCelOlilClit NCCIiC to sCCnrTC Ii

harliitnv ssitt ileh 1AV counltries grtiwtli rates leading, to CCOltOlIiiC illdCp)CiidClCC

anrd the Cl14.I Of aIid.



o Making Computer-based
0Problem-solving Techniques

appropriate to Smaller
Enterprises in Developing

Countries

J.E. Clayson
AManagiement Co nsultont. Paris

OPERATIONAL RESEARCH

lk(.t'S-. IN iiiF WEsT much money has been spent towards designing 0omplex
computer models that seek optimal solutions to complex industrial problcm . there i%.
a tendency to assume that this approach to informatics is equally appropriate for
developing countries. A closer look, however, at the history of operational research
(OR )--the discipline that encourages formal mathematical modelling in goernment
and industry-reveals that these large. complex models have a very limited
applicability since their great costs can he borne by only the richest organisatlions.

OR was created in England during World War I1 to analyse logistical aspoos
of modern warfare. Since then its applications have multiplied and nearly every
large government agency and enterprise has had some kind of OR department.

For those not familiar with the discipline of operational research, let me gi\c
a standard definition that is used by the British Operational Research Society:
'"Operational Research is the application of the methods of science to complex
problems arising in the direction and management of large systems of men.
machines. materials, and money in industry, business, government, and defense.
The distinctive approach is to develop a scientific model of the system incorporal-
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"ing measurements of factors such as chance and risk. with which to predict and
compare the outcomes of alternative decisions. strategies or controls. "]'hc purpose
i, to help management to determine its polic% and actions scientitica1

U ntil recently. ()R people have been an intellectual and organisati j.al elite.
The, held ad anced degrees in hard sciences and have reported to top 4itlicers in
the organisations where the% work. This has given them authority to Vut across
depart mental boundaries and to build models reflecting the complh xitiCS Of a total
situation. The have also been paid large salaries. This kind of OR is enorrnously
C\IpCltsi\ C.

Ift a mathematical inodel is built it cncomilpass nan\ different organisational
goals--e.., profit, rate of return, growth, job creation. en ironmlental impact.
political influence. etc--along with a description of how each oif these goals is
alected 1 the \ariables that describe the interrelationship and d namics of the
individual elements of the organisation. the number of equations the model
contains soon becomes enornous. In order to manipulate these equations towards
finding the best solution. heavy demands must be made on1 computers and
computer staff. The collection of specialisCd data needed to support these models
and the time necessary to verify their appropriateness ill contribute to their cost
cen before they are applied. Obviously. unless the savings generated by their
application are substantial, the entire exercise is not financial, justified. And
since, characteristically, large models of this type generally produce savings of less
than 10%. it is onlN in the largest industries that these savings are enough to cover
their costs. In addition, operational research that is only practised by an elite
group may fail to improve the probletn-solvitg skills of the managers, upon whom
the ultimate success of many firms rests.

SIMPLE MODELS

FO)RTIAIrFI Y. there is another, simpler approach to operational research. This
alternate approach is based on the notion that the search for 'optinalit is not
realistic in most contexts: it is either too expensive, takes too long. or requires
data that are too difficult to gather. This alternate approach it) OR concentrates
on building much simpler models that can be applied by the line managers to
solve the bulk of their everyday problems. The resulting solutions may not be
optimal. but they are quickly produced and workable. Such models are usually
based on the manager's own rules of thumb-his heuristics'-that he has
developed through experience for finding his own answers to problems. In this
way, the very "'querkv'" aspects of a real production situation can be accoin-
modated with a mantner and ease that the more forma' mathematical nmdelling
techniques do not permit.

There are other attractive features to this approach as well. Because it links

.1
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the manager directly to terminals. micro-computers, or programmable calculators.
it allows the manager more freedom to find his own answers. This manager-
centred OR not only produces faster results but it seems to provide an incentive
for the manager to experiment and improve upon his own heuristics.

Having said all this, it is interesting to note that the idea that simple model,.
may be more efficient than complex ones is spreading. Many large American firms
are closing their centralised OR departments and dispersing OR activity and OR
personnel throughout the operating divisions. The same trend is seen in uni-
versities and professional associations which are beginning to integrate OR
techniques into their training programmes in the traditional business disciplines of
accounting, finance. marketing. and production-rather than treating them as
worthy of special disciplinary status.

I think that this rather subtle shift of viewpoint in Western industry has
important-and perhaps even radical-implications for developing nations: simple
computer models based on heuristics-that is. common-sense approaches to
finding solulions-are not only more cost effective, but they provide the oppor-
tunity for man- more people in a given countrv to improve their own skills. Skills
wvhich are self taught and self learned tend to have a more lasting impact than
those which are imposed. and the possibility for continuous, incremental im-
provement becomes institutionalised. This is one key to industria! development.

I think the lesson for countries with limited resources is obvious: an invest-
mcint in simple and heuristic models of informatics which are applicable
throughout the industrial sector on a grass-roots management level may be much
better valuc for money than investment in fancy models which will, at the very
hest, be relevant to the activities of onlv a limited number of people in only the
largest organisations.

HISTORY OF TECHNOLOGY

A rits i,oi\i in our discussion it might be helpful to have a look backwards in
time. The history of technology has shown that new technologies arise whenever
new tools are created which are easy to use. rely on existing skills. and are
applicable to a wide variety of situations. ILet mc illustrate the point I am trying to
make here bv citing two well-documented cases from the history of technology:
the brace and bit, invented in the 1420ts by an unknown Flemish carpenter or
shipwright, and the steam engine, invented by Thomas Newcomen in 1712. Both
of these machines had spread throughout Europe and were being applied to a wide
spectrum of industries within a matter of years. And this without benefit of
modern communications.

The invention of the brace and bit was revolutionary insofar as its usefulness
was recognised simultaneously in sectors ranging from ship-building. to mill-
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wrighting and the construction trades. InI the same fashion the atmospheric steam
engine wats diffused fromt the mining sector, where it was first used to pump water.
to such diverse industries ats textiles. brewing. and municipal Sewage disposal. III
both cases, and following our rules of thumb for the rapid diffusion of technology.
these tools were successful because they required few new skills to operate. while
at the same time mobilising those skills towards new outlets and applications. The
tool itself created its o~wn demand for an enxironmcent in which change and
development were self-generating.

MICROCOM4PUTERS

Tt)mYs tOU i\ AttNI o~f these revolu.tionarV. historical tools is the ubiquitous
pocket calculator. ILike its antecedents, the pocket Calculator is rclativ clN checap.
simple. fast, and fuii toi use. In addition, the pocket calculator-like o)ther Successful
tools-encourages the tiew% user -o experiment and adapt it to o~ther situations. This
coinstant experimentationi creates its oiwn demand foir incremental iniprox emcnts In
the technotloigy itself. Thus the Simple hand] calculator la~s the grouridwtirk fo(r the
spread tif a nitore ad anced calculaitor with at bil t -in rilernorN anld add it ioinal
imat hema t ical funrct i iris, which leads iii tuiirn to programmable calcu kitt irs. arid n1t 0st
recentlx toi rncro-ciipulers.

TIhesc nliicrti-ctirnputers have the same potlential ftir iiitiilising skills usCftil to
industrial dcvelo~pniertii s the historical examiples given. But, their poteiitial will
not bie expltited unrtilI such time ats their uti litx' becomnes self-evident . Whatt is
nccded to bring this aboiut is the crecatitinti f proigramimes sullicieritN lxasy to usc
and -%crsatile. that their diffusion is aIssured. Mtist oif the software t)I theiirt

today is specific to such problenis ats payrtills. stock etiritrtil. arid inivoicinig
proicedures. These are s.pecialised routines requiring spccialised skills foir their
applicatioin. aiid which dti notthiiig. etinsequei v. toi imiprove general mianagemient
skills.

UNIVERSAL PROGRAMME: TABUILA

DtIRING ilt- P'Ast NTAR, as part o)f at course I amn teaching in applied tperatiinail
research, I have been experimenting with the design of proigramnmes which will goi
beyond single. specific applications. toi stmethitig miuch more uniiversal.

How have I gone about this'? First, I had( toi identify a management task So)
co~nmmon and universal that any tool dleveloiped toi assist in' perforniing it would be
assured at wide diffusion.



i ~~~~~~~It seemell,.d toi ITtilha the m|a~nager's-ivy mnl~age2r',s-nost balsic- task is to

order data. He must do this, to a greateer s degree each and every time he
wants to evaluate current procedures, compare ahernative ways of doing things.
predict future demands, or to document various financial aspects of the organisa-
tion. The manager's problem, as I see it, is to take the raw data and to find how to
assemble and present it in a meaningful way.

One of the most etective presentations is done in) tabular format, where the
different elemenrts are laid out side bv' side and can be compared at a glance. In
this case, the picture is worth-literallv--a thousand words because it combines
the temporal and spatial dimensions of the problem in one display, i)oubfC-cntr\
bookkeeping is the classic illustration of this construct.

tany managers already have rules on how they like to .,ole problems
through the tabularisation of data. This is a form of heuristic model building and.
as I have already argued, it is at this lcel that the computer's assistance is most
effective. In other words, this is the critical stage in which to introduce a tool
capable of mobilising and amplifying existing skills.

Having selected as my management task the labularisation of data. I set
about designing a programme which would help. It is called sto ..\.

imit Ai is a computer routing that can be applied to all the problems inherent
in the tabularisation of data. It uses a micro-computer with screen and printer. Its
input relucsts, operation. and output requests are all in a "friendl\- con-
versational mode. The programming of i tw -x.x is relatively simple and it can be
applied to all the business disciplines from accounting and finance to production
and marketing.

v..I .v accepts data in the formi of numbers., words. and simple arithmatic- it
manipulates and orders this data according to the user's heuristics, and then
converts the results into a visual display on the computer screen. Once the shape
of the picture has been fixed for example in rows and columns-the user has the

freedom to experiment with dilcrent inputs, and ie can see instantly what the
impact will be. Or, he can experiment with his own heuristics by playing with the
way the data are manipulated and displayed.

Resides the conventioil row-and-column format. i .\m' .\ can transform the
same data into other graphic modes such as curves, histograms or mnaps. thus
providing the user with a choice of modelling tools.

In my OR class we have successfull, tried r.\nut '. on the following kinds of
problems: standard accounting exercises and reports, inetworY control. produc-

tion planning. sales forecasting. warehouse location, and product disotribunti. We
have even beell able to convert French accounting reports into their Amtericart

equivaletls. Having dcined the conventtions of each national s'stem ind fed these
heuristics into [,liti A. the routine was able to produce for us the desired halance
sheet on demand, while also allowing ts to investigate a whole serics of what -if

questions just by changing the data input.
The real strength of : ABII! A. or any other routines of this general type" which

can he developed, would seem to be their obvious anid immediale utilit m fr

managers. i 'I Catl be Mastered without Ilarning a special language or halving



•D )AF'IIIN( (OMP[LITR-BAS.I) PROM EM-SOI VIN(I I1-('HN|Q(Lt-S 397

any particular knowledge of computers. And once rABILA is installed it should
become the vehicle for the continual introductions of ever more sophisticated
methods for the manipulation and display of data.

An informatics which can promote self generating change and improvement, -P"
at minimal cost. is obviously appropriate to the needs of developing countries, and
I think we must exploit its potential.
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A Proposal for a Technical
Information System for Transfer of

OL4 Technology to Small Industries
C- in Tanzania

I).K. Rulagora
Smiall lndilustries Developmient ()rgaiijxaijon.

IlMizania

INTRODUCTION

Tin Uli i) i o mt ilii tOwT.\/ sl lies in the East African region onl the Indian
Ocean. It covers anl area of 939.3(i1 sq. kml and has, at population of 1,1 million
people. More than 14 million are peasants who live in the rural areas. The
economic growth is 4.5 per cent, whereas the population growth is 3 per cent
annually (Bureau of Statistics. 19Q79).

In the current Fike Year D~evelopment Plan (1970- 1981). there is more
emiphasis on industrial development. The industrial sector will spend over 27
per cent of the country's total capital in\vestment. Small industries are encouraged
in Tanzania for the following~ reasons:

(at) to provide inputs for agricultural development:
(b) to produce goods and servNices to mneet the basic needs of rural popuI-

lation
(c) to enable peasants to be productive throughout the \ear as agriculture is

seasonal:
(di) to provide employment opportunities to school leavers whose itiftls inl

the cities has increased the urban population by 50t per cent in the last five
years:

. . . . .... . . . . . ... -
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(e) small industries use less capital and they can be nmnaged by local
entrepreneurs:

(f) they can utilise local resources and use less energy:
(g) to eliminate the social and economic imbalance between rural and urban

areas-
(h) to upgrade the skills of traditional technology:
(i) to provide interlinkages between large industries and other sectors

(Ministry of Finance and Planning. 1976).
On the other hand, the "Knowledge Capital- has become a dear commodity

to small industries to the extent of costing 65 per cent of the cost of a plant. This
has been contirmed by a UJNID) technical adviser who said "..... the absence of
knowledge becomes one of the prime hindrances in SIDO's performance"
(Ghosh. 1980). In this context technoloica1 information is the life blood of

industry for the following reasons:
to reduce the cost of software.
to simplify scientific and technological innovations.
to tap the necessary technology due to information explosion.
to enable decision makers to choose appropriate technology.
to offer services required for technical training and management of industries
(UNIDO. 19T73).

FUNCTIONS OF SIDO

FIL SMAI..\I INDIMSrRIFS ()vi' |I,\,nSv RC;..ANMs.-vri (SIDO) was established by

Act of Parliament in 1973. The objectives are to plan. promote and develop
private and public small industries in the country. The functions include planning
and research. technical and management training, marketing and supplies services
(Tan/ania Government. 1973). The organisation chart is shown in Appendix A.

The official detinition of the small industrial sector does not specify the limits
for both investment and employment. For the purpose of this paper. the small
industries covered emplov 3-50 people and have capital investment of $2.000-
£500,000 (TS 40.00--TS 1l0m).

In 1975 the small industries employed 21.528 people. and the figure rose to
50,11) in 1978. While the former represented IS per cent. the latter was 20 per cent
of the total workforce in the industrial sector. The number of industrial units
increased from 1.742 to 5,0(K) in 1975 and 1478 respectively. The Economic Survey
has shown that small industries contributed I per cent to (DP in 1975. In 1078.
the contribution increased to 2 per cent of G)P. In the current plan (1)78-1983)
more than TS 1.7(tHm (£1t1)1m) will be invested in 1.067 factory-type and 2.0(X1 non
factory-type small industries. They will generate 3 per cent of GDP and employ-
ment opportunities will rise to 81.(ONI (Tanzania Government. 1978).

6- 1
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TECHNOLOGY TRANSFER

TIietIN010(;i) is said to be the most important factor responsible for economic
growth. According to sonic scholars, the 'upward spiral' is brought about by
higher technology. This leads to higher incomes, savings and capital. improved
technological developments and higher productivity (Stewart, 1972: Mansfield.
196 ). Technology has two components, namely 'embodied' (hardware) and
'disembodied' (software), the latter is sometimes known as "Knowledge Capital"
(Dalgic, 1979).

Modern technology is sophisticated and it needs systematic planning and
rational choice. Technology is not neutral, henceforth it has to be appropriate. Its
appropriateness has been defined as "'harmonious with social, economic and
ecological conditions and it has to foster the countries' self-reliance" (Sach's.
1979: Braun and ('ollingridge. 1977- Schumacher. 1973).

Technology transfer is a "purposeful movement of established technology
from place to place, company to company. or use to use" (Schon, 1976: Rosen-
berg, 1967, Spencer, 1971: Solo and Rogers. 1972). The objective of technology
transfer is technological innovation, i.e. improved and efficient ways of performing
things that are more economical. Such innovation would lead to invention. i.e. a
process of bringing new technology into being or new technology created in a
process.

Professor Allen and colleagues have identified two 'coded systems' in the
transfer of technology. One is the 'acquisition code' whereby the technological
information gained is applied to specific situations (Allen. 1977).

Technological innovation requires Technological Information Systems to plan
and communicate it to users. This saves time, money and ensures that appropriate
technology is transferred from the industrialised to the developing countries.

PROBLEMS OF TECHNOLOGY TRANSFER

AC'ORDING TO RESEARCHERS "acquiring information is costly and the demand for
technology is always a demand for information .... " (Alenger, 1978).

Since 1975 the Organisation (SIDO) had embarked on countrywide in-
dustrialisation programmes involving factory type small industries. Several bila-
teral and multilateral agreements and individual contracts have been signed to
supply machinery, equipment, raw materials and technical know-how. Some of
the contracts are the World Bank loan for Urban Industrial Clusters, the 'Sister
Industry' Programme (Swedish) and the Indo-Tanzanian Projects, to name a few.

The problems of technology transfer are summarised by Swedish researchers
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who hime said. "at first glance it may scen that the developing countr% onI%
purchases machiiieri. (hardware components). but more important it purchases the
software components, i.e. all thle tech nological and maniagerial k nowk-him

re lired to Obt aini a Well fUnit tion ing in dut ixV-
fIn the case oif the Swkedish projects. the cost of software ranges fromt 30

per cent to (5 per cent. th le cost of creating a job in a1 stmall indus~trial unit has, risen I,%.
48 per cent, TS Y.(4'(t--TS 40,(). inl thle last three 'tears,. The cost of technologicail

in form atio h iias increased due to thie fol h wi ii reasowrs:

(a) the disclosure of techiiolog% . although it is, not a new, technology costs upl
to 2S per cent of the price of the plant:

(h ) thle Organisat ion spends f223.~otI for each small firm to train its personnel
aibroad:

Mc the maintenance of a Swedish engineer eCeeds~i f'.500 (IS 50,000) per'
month. The amiount is 12 times thle salary oif a top esect ye~ in -,o\cre-
mciit and pa rast at at s

(d ) translation of products formuiltae azic other operating aniid mia in tenaince
mlanuals:

(e) COnsltlanlc\ fees (foreign consulting firms). lIn Appenidix I1 thle Cost oif
software in one of the Swedish Projects is atialysed (R iilaigora. 107Q).

For the other "ILurn Key' projects. the following bottlenecks have been
experienced:

(a) shiort lading and b rca kage of component,, due to choice of %' rong. sUp-
pliers.

(b) lack of layouits andi operatiag processes:-
(c) lack of market information during project planining:
(d ) maniiufactuitrers are uiinaware 1f (lilt ri but i on ch antnelIs:
(ec) lack Of a3dvert isemnenit aniid sales pronmo tion:i
(f) tack of innovation makes sonic inidiistries less, colct it i\ :
(g) incorrect accountting and sales forecasting:
(h ) shortage (if raw materials and spare parts:
(i) shortage of utilities such ats poikem anid water:
(j ) tranisport and Cotum11iCatioti problemis (KIslc%%o. 1I7)

A PROPOSAL. FOR TECHNOLOG;ICAL ]INFORMIATION SYSTEMI
(TIS) FOR SMALL INDUSTRIS IN TANZANIA

Ti. t [R~.\I,, RI I'M )HtOf the U N ID UX 1echnical Adviser has tlit follo%\ iri
recomn~idation: -as more smiall illdUStrieS join raniks. it would be necessary to
store the data oin establishment, operation aiid upi-date those on a regular basis. A

minicompteris to be uised for storilig. sortin n erea i .tt...
tiiti ompute - n9aidrerevl)fd.
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The functional units of the proposed Technological Information System arc
shown in Appendix (. Some of the seven units are Information. Documentation

and Publication, Field Liaison and Question and Answer Services. Others arc
International Relations. Public Relations. Systems Analysis and R & I) andAdministration.

The TIS will have the following functions:
(a) to reduce the cost of software through disclosure of technological in-

formation:
(b) to provide technological innovation for economic development:
(c) to provide a Data Bank for planning and choice of appropriate tech-

nology:
(d) to provide construction layouts:
(e) to publish and distribute plant installation and maintenance manuals:
(f) to give Technical Training Techniques for in-plant training wbich ,ase

time and Inoney:
(g) to undertake translations and publication of production processes:
(h) to provide market forecasting and sales promotion (Klintoe. 1979: LiNI-

SIS. 1977).
The organisational set-up will be based on matrix organisation and control.

with the following four features. The science and technology polic will bc
contro;ied b% the Exectitvc Comnmittee which will represent go\ernment ninis-
tries and organisations involed in Technology Transfer. The Management

ornmittee will plan and reviewk action plans. The matrix control and co-
ordination will be in the form of vertical and horizontal relationship ir,,tead of
work alignment. There will be feedback and e\aluation for renewal of inpu:s. The
svstems approach in the organisation of TIS is shown in Appendix D.

The budget proposal for the project is shown in Appendix E. The local cost
will be paid for by the Tanzanian Government. The United Nations Industrial
Development Organisation has been requested to cover the costs of experts who
will appraise and establish the project. Other facilities such as telex ser.ices and
computer terminals are within SIDO and the Tanzatuia Scientific Research ('oun-
coil respectively.

INTERNATIONAL CO-OPERATION

J"11- nTI INF r-KS POINT-D Out by the United Nations Conference on Science and
Technology Development in 1979, which hinder the transfer of technological
information, are experienced by the industrial sector in Tanzania. The following
are more pressing:

(a) lack of communication facilities-
(b) costly software (up to 65 per cent of cost of plant ):
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(c ) lack of at data hank for science and technology:
(d) inadequate number of technological information scientists:
(e) lack of information technology personnel:
(f) science and technology activities are not full\ ins ol\sed in tcchnohreicaI

innovation:
(g) lack of informiation systemis:
(h I lowA, investmient in R & 1) ((0.25 per cent of NI. (Ii.N .. 1(0Y7) .

The Small Industries Development O)rganisation. Tanzania, woill need hi la-
teral and multilateral assistance to carry out the following activities:

(a) planning and setting up technical information system. e.g. Industrial
Information Section of UIDO):

(h) training scientific and tech nolocical information staff. e.i!. IND1)1 and

(c) providing information services in the form of bulletins. catalogue,, ah-
stracts. journals. bibliographies. film,, etc.:

(d) programming text hooks. audio-visual aids. e.g. Docu mentation ('nt re
in Ireland:

(e) technological information exchange through conference. semninars. stud\
tours (itnternational technology gatekeepers):

(f) publishingz for small firms, e.g. Small Firms Information Centre in . K.:
(g) technological innovations. e.g. TORDOK (Turkey):
(h) Small Industries Consultancy and Advisory Services. e.g. SENDOC

(India). CENDFS (Ecuador). Small Businesses Administration WlS):
(i) Appropriate technology R & De c.g. VITA (US), ITDG (UK), GATE

(FIR Germanyv) and ITAR (UN):
(j I Documentation of patents. e.g. patents Institute (C'omputer Policy ALI

%isory Committee. I 978: Pauiline. I 977: Allen. Piepomecier and('.

and he bov- me tinedinfornmation resides in the staff miember offices. Al-
though SIDO is linked with several institutions throughout the world to collect
information. they could use additional information on processes, trade
catalogues . .... (L-afond. 1980). Technology transfer will he enhanced by the
technological information system that will collect, process, store, retrieve and
disseminate data,
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Appendix BI: Cost Analysis of Software for Electric Motors

No. IlnKroner

(1 1 cchn~oiop dChCIOSed 9~ H1

(2 I rawiing for si\ entrepreneiurs InI Swedeji2 12

(3) leeC aR] allowances for Smedish ctigincers l

(4) Fare and other costs for Swedish engiincers ( 2N
(i) Ifare for ,I\ traineces N H HI

(0) Local allowances for tratinees3cXiH

101 IAl .~25

Is II IS, per Centi of thie total cost of the plami(CS252.IH1i).
Source: SiI )( ,Blci ( ompanm Con tract. 19~78.
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Appendix lF: Budget Proposal forT'IS

I / shi Iliiwg

%1alla , tcr 4S.H111 ' a.

I 1 nit stipcr- kcr' vu .1h.011111,i25.111

M \iddle anld I tn% Cl Ctllht C

4 4 Ilarclltlcl I 1.111

-\I'll . (lco n I . llIc la tcI11141

.Ic ih nc and Walc\ ha iiP 4(.oo11

10I. 1 ra cling and %lcctinc' (local lild o,\crsce 2111111

I I - (ofltiIgcllcic (2.5 pNcr Ccnlli).11

I AI 2.33 I.(101

B asecd ii local costs and sala rv scale '.t rtct U rc in 197S (Cl I I I/.'il ~



A PROI'OS*\ FOR A H C(iNIMAI INil )R%1AtIO)N VSS F1 409

References~

Alengcr. S. (-t (1. ( 197,S) lransfer of Tecthnoogy of Small lidatries 7hroaigh Sister idasirx
P'rogramme ateit I inan ta. C hal mers U.niversi ty. CGot henburg.

Allen. [. (I1971) Abllana.i'eet /loiw oI lt itmolo gical Inifornatton W4'ithin R k- 1) ( rl.' m -

ttint. MI. 1.. Massachusetts. p). 4.

A-llen. A .). Pieplomeicl Cooli e%. S. 11 971I ) Itt'ritatioii Ie ii /ti icial C ;iti' i'pe. I ech -
noloz\ Rex jei 73. 3,7 44.

BIran a. F. MInd C ' ll nri dge. 1). ( 11)77) I ~ t-ma '1 n' apad Sur aI. But terw~ rt hs. Lo. ndon. pp.

Buryeaul Of StatiSliC'. 11)71) P'roit impial Report (,n lanz-tia I'optontim ( ',',aa. C haeminent
PrinteCr. D ar es Sa laam, pp. I ;.

C ompier Vlic\ A\ ixorx ( olmlitc Of lIrland I 10-8 1I)tls 4 .Natttll

IDalic, T. I'r'ti) Hit, Roleo 4lti him eal [WtOrmant .SNsteat in Irnst.H'r of Ic tt, iog Ill,-
arki ('an'. Seminar Paper al I rit CollctgC 1)ubI~ln. pp1. 2-1l1

(ihosh. A.B./ 198)/ T'rmaital Report IT- I 'WT 71\ 00o. UNII). p. 11

Kilewvo. -A. (I1978) hnaumial Insot il( theiet elipmeln of Snia/l-S-aft laastriesw III
1(11 iittn. Mt.A. Thc" .rs I*ievi% Of) )ar V c a-. Iaman pp. "I

K Ii t oe. K. ( 199 Inmriiatin T and 1W4 ithiin Ipitidrv. the At I ittit's of 1Ill) 11tI Inmtr-
niationial Frumri Infotrmal~tiont Documentat ion. 4. I. pp1. 2-'( 28.

I ah aid 11 980) Repor srit Preparat 'rN Afvsisoi to I iit 7/lit in I ' RT- O N I LI NII)D)O .,

lanlslied., F. 1I 968) 1714' F( ontia,\ of I(%Itm, s,'wal ( litngtie. W. Norton & ( o.. Nc\s
York. p. 4.

Nlinisirrxof Finance anid PlatttttLt 11(, I-ilt lazaila' hrd lit e YF ar Plan for Sistiw/ toil
! eonlomic /I t'olicie I')-(, 10S1. pp. 3.( 4(,.

Pauline, A. (1077) l-lamt~lboo of lIto ri m att .S V ills and .%ert 0 I(-. I. N I /S P .Ianis. 11 4.

Rosenberg. N. (I 17) I'er~s,'s'il '% onl flehnoloi:v. ('erganmon Press. Ncss York. p. 14 -

Rulagora. D. 11979) Anialsis of 10 ( oitraitsr betweven .II( antd Sivedis Firmits.

Sachvs. 1. (1 979)p Toweards Another Vet ehjinteti ilt S lPdc mt lii It in 'Ii !):larask I uIL]
Foundaition Journal 1/1979, U ppsala. p. 28.

Schon. 1). (1970) Teeltnologv and ( lhanige. I ni\ ersitN Press, New% York. p). '01.

Schumacher. E.F. (1973) Small is leatifud. Bland and Briggs. London. pp. I -3.
Solo. R. and Rogers. E. (1 972) Introdat-ii. Technoi logical ( hiange Oir- I/ti 'itt at i ri if al

Devtelopment, Michigan State U.niversitv- Press. p. 4.

Spencer. D.1 . ( 1971 ) Iiechnoogi, Gap iut Persjist ure. Spartan Books. New\ York. P

Stewart. F (1972 )' Tecanologs' andt I Inedteomtn.MacMilIlani Publish inrg Co.. I ondon.
p. 1201.



410) INFORMATI'S AND INDIUSIRIAl I)t-VA()t'MINI

Tanzania Government (1978) Economic Surrev (1976-1978). Government Printer, Dar ce
Salaam.

Tanzania Government (1973) Small Industries Act 2S of 197 . Government Printer. Dar es
Salaam, pp. 1-10.

U.N. Conference on Science and Technology Development (1979) Articles 94-95. Vienna.

UNIDO (1973) Information Units in Small Plants. United Nations Publication Sale No.
E.73.B5. 1973. New York, pp. 9-11.

UNISIST (1977) Guide for Teachers. UNESCO.



Utilisation of Informatics
p, tin the Decision-making

Process of Small
z Industrial Enterprises:

The Case in Turkey

('evik Ulraz

Aitia, Turkev

BASIC STEPS IN THE DECISION-MAKING PROCESS

IN S('IhN-ritI("MANA(;iAiENi, the decision making process basically has four main steps:
(1) Problem diagnosis
(2) Developing alternative courses of action
(3) Gathering necessary data
(4) Evaluating alternative courses of action.
This fundamental decision-making process pervades all functional areas of

business. Decisions are usually made only after problems have been rccognised.
Recognising problems is the most important step in the decision making process.
Once a problem has been recognised, management, through its experience.
insights and creative imagination, contemplates and reviews diterent means of

solving the problem. When the key problem has been recognised and a number of
alternative solutions have been posed, data gathering assists management in selec-
ting one, desirably the optimum, of the alternatives. For a lot of managers in the
developing countries, data gathering may ippear as a routine task with most of
the data required already known. It takes quite a time for this type of manager to
understand the reality that new types of problems or novel solutions to old

411
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problems often call for data that are beyond their experience. Presenrtly *i't
Tulrkes%. not on l% hig indust ric but even mediuml and sm11all Ones. because% of,j~hC

conpleitxotflorjsjg market conditions, are forced to use mor and wIore
dat:i based and processed information for their stir\ iv al.

Ihe final phase of the d1ccision-ntaking process is Cs luatiite ailiitafis
conrscs of action. To facilitate decision-making. each alternatis e course of action
has to bie checked avainst certain criteria. Es en if' the most universal of these
criteria arc protits. there arc other criteria-such as t iming. risk, limitations of the
compaii rcson res and the general framewkork of the comlpanly- operations-
w\hich hat\ c to be taken into consideration. Each decision (or decided course. of
action) leads, to certain ends over a given period of time. IDeeision-makinge is

alaspredietise in nature. (ienerally we make decisions oni the premnise that this
iiess tunim course of aiction is the most effective. As af rLile. this, fut nrc timei
peri od . witl I wi ch we relate C( mrse-s of act ion is tilie long u n. lit in the ca~c
of Ilurkes . dccisions of many, enterprises (,-o\ ernntlent or priv ate I arc made onf a
dails basis 11r short -t fime, depending uponl decision makcrs' insights andl their work
unlder rlipidls ehltanine conditions and poor planning.

INSTITUJTIO)NAL STRUCTURE AND) MANAGERIAL LEVEL OF
TH"E TURKISH SMALL INDNJSTRV- MACRO) APPROACH

At sNo(Si \1i I of thle small-scale industrial firms in Vurkev arc one mian (owner)
managed. As the si/e of the comipany gets biLger more professional work is
necded and Used. BHut inl smalll and 1Mdiu i1 si.'ed enterprises the employment of
trained personnel is a handicap because of its high cost. This trained personnel
termi covers also. ill large scale. personniel who call Ilse new informlatics tech-
nology. Ott the other hand. highly trajined personnel prefer to get a job in thle big
enterprises which can otfer more career opportunities, job security mid higher
wages. Moreover, managers of small firmts (private or gosemninnt) increase their
skill it sitall enterprises antd then transfer to big enterprises. According to receit
research in Turkey the need for computers within the firitt and tiecessiry
manpower for managing them have been forecast as follows:

Table t.

Years 1971 72 74 75 1Q81) t985 V"$)

Nunihier of min IM N~ H) t Su 2,11(X(
contpters malx 78 82 1201 tst (ix 2.101N) 4.1(1(1

nt~owr "ilt 394 418 750 1 t2t(m)l 5l 8,150) 21,M(1(
Ma p w r max t1iiui 1.51(m) 7.tl1(N) I1.21)1 28,1(1(1
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Personinel woirking onl different areas of computers. in 1I urkex number 1.022.
according to (lie Turkish State Planning O)rganisation. as of 19~79. This shows that
Turkev hars a hig~h rate of trained personnel. more than expected. inI this particu lar
field. Ini this case. TIurkeN s real problem is not at personnel problem but it is, to
in t roduce inf ia tics tee n il(g ix- ithin the decision- ma k i n proicess if all of thle
lii s and thus ind jobs, for t heir personnel.

Institutional Structure of the rurkish Small Indusfri : T[he sue oif the smiall

indurstrv' is defined bx) thle Turkish %linistrv of hIndustri, anid 'Ilchn log\ as' anl
enterprise cmplhi~inE tip to Wi workers or- uising up to Ift horsepower of all kinids
of miotors for its manu~~falcturing l'(WLss. \lniost all of them are One-mani maiiaget
withinl a maimumI(II of two lines' of orgaisa~itional struicture. [uiterprises' usin L more'
than M0 workers or l1t horsepowerc and abos are aIcceptedL as, mediumll or bli,-

enterprises accordifi.' to their Si/es, C'Iurkish Yearbook oif Sttsic.l)19).

Level of Education: The level of1 ecatIClion an1d Itralining (it small cuterprise
managers in TIurke\ is generally, inadequate. 1losses er. knterti'ainied mranauers, of
the des eloingil eount ries pairadoxicaIIlly has des elpd an unusuaL[Zl igh- risk t akine,
ability which is the main variable in their decision-making prWcs*,

Level of Technology: Another problem of thle 1lurkish smll dustrs is related
with thle level Of' tee Iio log, uIsed. III genera. Mon s t Of'fthe p r 0duets are proidueed
wxith old and outdated machines b\ hlighls skilled sallf Of limied nmber1Is.

)n the otlier hiand. tile use of inforniatic s\ stems Ii the indusirs is egts l
correlated with respect ito the si/c oif enterprise. Usi. all), small suesstel are
b'ro ad Is used bY' med iuim or big in dust ri es as a resu It of po ol- Choice by tilie
dcisit n-niakers. Todas . for ex aiple. the large eniterprises which viced hicasv datia

proceessini! are not (ink' using small scale ssenis but are also underutilisiii'e1 them.
So. this paradoxical situationl shows that. even i tile big industries in 'lurkex *. thle
use, of adequate teehi to i aniid imode rn n e t h d 1 ig is biased. Fo(r this re:a s in.
the tise of modern technology in almiost all areas is still very, costly and s ers
difficulIt ini siiiall entie rprises . Deve~lopeitlt if tilie iuse (if' in fo rnmatin %isst Is in

Turkey, is i tilie following order:
I ) Institutioiis whieh ownl their datta proceessiing system.

(2') Partnership in the use of' another iiistittitioiis data processing Ssstemi.
(3) O wnership (if data processting systent b\ more than onec enterprise.
As we stated above irrational variables strongly' influetnce decision-makitig in

smlfiruts. Blecau se oif thle lack of iniform at ion chianniel s at lot o1' small eiit erpri se s
ionoit even kinoiw hoiw to ise or ti reach flie infoirnmat ion resoiurces ofil tle

countrv. 'Ioeuigifraiswiki lsed syvstemvs which are not aviailable
to the oither,..
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D)ATA SOURCES IN THE COUNTRY

Sceondary Information Sources: Secondary information sources inl Turke% are
genecrall gos erniint owned agencies. such as. State Statistical Institute. T1.urkish
Technical and] Scientific R~esearch Institution. State Planning Organisation and
National ProduIctivitN ('enter. These agencies in general provide general output
onI economnic and social conditions of the country. national accounting. educa-
tional and cult ural statistics, production statistics, statistics on manpower, jobs.
wotrkers,. paymntts and forecasts (usually showing government preferences) etc.

LUnis ersities, are also provwiding somne limited services for priv'ate and
gos erment enterprises.li]'e main task of the Uiversities is to provide technical
manpower for the inforniatics field.

Private Institutions: Private institutions inl Turkey are providing major services for
business enterprises but they are still in the take-oT stage reg~arding the services.
Somec small enterprises are using blig- firmns' data processing ser\ ices. It can be said
that therc is a growing interest Ii using these kinds of serv-ices due to the facilities
they proxide. But relations between smnall enterprises and sers ice providing
enterprise,, is detached duie to lack of information atid a general disbelief on the
necessity for these kind of ,erviccs. Private institutions using computer based
serv ices arc situated in large metropolitan areas such as Istanbul. Ankara and Izmair.

Primary Information Gathering: P'rofessional research institutions in Turkey- hase
been developing quickly since 1973. Uinfortunately data onl their workload are not
a\ ailable. uthegwing interest in their servi ces is a proof of their deveclopment.

As we poinited out before, the smiall entcrprises are dependent onl big-
busiiiess, data resources. but Iil lie recent decade the Use of small computers b\
sm1all11 enterprises, is growing ats the Turkish econom ' becomes miore niarket
oriented. l)ata nteeds of' smnall enterprises, cover areas such as gencrail account ing.
clist 'me rs accounlts sco st accou nt iig. producet ion p1 a Tiing. butdget ania lvsis,. stock
control, statistical research. general teasibilit\ etc.

Smiall enterprises, computer languaoces \a r fromn lortran [V to AIlgol. Cobol
and RPG are highly1 used languages for pivate business enterprises.

INFORMATION STRUCTURE OF THE FIRMS

Traditional Way of D~ata Processing: One of thle Ilig ': oblenis Ii using modern
data processing is the existingc traditional inforniation sVsteni. The lintroduction ofl
moderti techniology inl tile outdated systenis of small enterprises is causing trouble
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in the problenm-,olving mechanism of these firms. [urthernorc. there is no
planned and adequate channel to transport the data obtainCd to the other parts of
the enterprise.

Use of Modern Technology in l)ala Processing: However the use of inforinatics
especially in private business is increasing more and more is showntit in "lables 2
and.] 3 (Kava Kilan. I976 and Aktas. 1980 1).

Table 2. Number of Computers

Year Public Private 'I otal

1975 52 5t I
1978 SiO 14"

Table 3. Size of Computer Systems

Year Small Medium Large rotal

1971 5o !
1975 Xl) 8o 2S
1978 1221 96

EFFECTIVENESS OF THE DECISIONS MAI)E- BOTTE-NECKS
AND BIASES

TIi:RF ARF SFVI-RAI RASONs for the ineflecti'eness of the decisions madc which
could be summarised as follows:

(a) Supply shortages and high demand structure of the market is the main
reason of the ineffectiveness of the decisions.

(b) Non-competitive market structure particularly in advanced technological
products.

(c) Protection of the newly developing (creeping) industries, from inter-
national competition. by high custom barriers and lack of standardised
products contribute highly inefficient decisions.
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Botle necks in the use of informatics can be listed as follow:
(at) Limited internal capital accumulation under high inflation adInterc~

rates. limited sa~ ings and limited currency inflow.
(h) limnitcd. use of skilled manpower and professional rmnagers wkith adcquatc

international experience.
(c) Late information gathering. slow- decision-making under quickly shilling

market conditions, late application of decisions.
Biases of information is another cause in ineffectivc decision-makine. Small

enterprises are mostly one-man owned and managed firms in 'lurkex' These )
m ianagaers who hold chairmanships a:'.d make final decisions are a real can' e )f

biases. l ack of continuous routine reports fromt the middle to the topI man agc-A -4
meriti aind difliculties in reliable data gathering is anotber bias in the decision

p)r4 ess.

CONCLUSION

"I'i~tSI )[ NF:)R'I.in ijdeveloipinigsmlil scale enterprises inTifurkex is de~eoil-
in at problematic -N Hig cost of persontnel and high cost of hardware due to
continuous devN.aluations of thle Turkish [ira is hindcring the use of informat ics, in thle

decision -makinrg process of the small firms. Onl the other biand. eteCti\C e u(Ao
informiaties even in big businesses of the developing countries is not \c rx\ wellrealised
vet. Services offered by the data processing companies are often nnsuiles t'
misused or unused by the small ones,. That is the main reas on fo~r i rrat itlfi1.

decision-making processes in do:%eloping countrics. This kind of decision-makimne
process is also the cause of the vulnerability oif the small enterprise,, againstI (uickkl
shifling market conditions. It is our hope that thc high benefit pro iding r~ie ,i
inforinatics will be unders;tood within the risine industrial elite oif IurkexA
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0A Data Base System of the Expertise
at Riyad University

A. Sharaf Eldin. .4. .Vouh and .11.. Mledai
Ri ~ad Uti -(rwtIv. ino i i of Sot mhA rahia

INTRODULCTION

THE It ) ON\ i i\I \1 Xii\til-RS within Rivad liniversit% are stored and processed inl
the samc wkav other enmployee data are handled. [his should not be thle a*1 While the sanme tgencril information for both parties should bie maintained. t here
is some important additional information for at staff member that should be held.

Examples are: the fields of research. technical and academnic experiecec. teachimne
experience, research publications. I ec. Since there is a scarcitv of qualified]
manpower in the Kingdom of Saudi Arabia compared to t he vecr\ ambitiou~s
developing plans, at big portion of the staff members are hired from outside
the Kingdom. Each of them has his own particularities. backg~round.
experience. . .. etc. There is at problem in identifying at particular individual )Xithlin
that community. Another fact is the fast miovement of the staff members.
Problems arose when governmental agencies requested technical support fronm tile
university. There wats no way of knowing who wats most suit able to provide thle
requested support. One soIlutionl to this was to ad~ ertise and let thle people aplk
This wav was not effective and most of the people did not wish to pairticipate in

that way. Another problem wats planning the development of the stall members as
wats the allocation of each member to the courses offered. All these problems%
made it feasible to handle the staff data through at computerised data base s~ steml.
In the following article we summarise the steps taken in establishing t his data base
and its implementation.
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InI this stage u thle datal uiredII-~ h\ all thle 1a)pplCictOns 111i tha t a thle databae
\%erc determined. [He scCUrit\ for ecilh datal elementI anld ICx el of aulthoriseCd
access to thle data baseC Ikerc estab011lshed. ItitIAlx theC loICall structure- of thle LIAtS

base \was set.

Onice thle design %% as complete, it asdefined Ill schemaI~ nsIILilgte datai hase

description language. [hencl thle schemta lpricesvur wkas applied to check its \ alidtt.
and to create the root data set.

C 1c tIM)p Of dwt I)(ito Hoe 1)(11a S(.[.\
A nitilit protera.11 1)[1. I'll ,.I, LINas 1s 0 toalloca1tilte neCCCssar\ disk, space b it

thte dat i sets that comiprise thle data base. It almo iuitialised these data~ sets.,
lTme data baseC %%,a' thenJ ra;dx tot unc h\ application progriainns to stole.

npda(lte anld ret riex thle data.

SOURCE OF D)ATA

A it I \ml xi %xas designed anld pased to all oIf thle stLlY metubers. This

sltestonmiwcox Ccd all thle informtation about ecilh itidix idIIAi. FhesC datai aIreC
I' ersonal data: Stich its namec. department. facult.\. nat'inalit\. acadetmtc

position. languages. major and mtmor fields.
(ii) Qualificagjotis: Suich aS det ails Of all the academic degrees obtained

(ill) I ,npih 'xn n: This ciwe rs all the jobs antid posit i ons held sinlce gradu at ioin
(i\) Ietacting I:Nperientu': This, contains all courses taught and their duration.

Ibis informaltion w as gathered to ive anil idea of the teaching experieceI:
(if each mtemuber and the courses lie preferred to teach.

(V I'ttica Eu Xpmt rience~: A. majo r be nefi t of this dat a base is the abi lit% to
loctec expertise for a specific job wAhen tile need arises. This data cox ers
the techtieal projects each one participated ini. consultaie
activities.t Ce.

(vi) A.vociafiO? Ah'ni IirshIips: All the professiotial associationis of which the
in dixidua I is a mue mber arc stated. T]he tv~pe of membership is also
indicated.

(vii) ield.% of mIee'st: A (let ailed classiticatioti was prepared for the different
branches of etnginleering and coded. It is worth noting that the normal
decimal systetm was found itnconvxetnient inl coding~ these fields. That is
because decitmal classificatioti is lengthy and does not reflect the exact
specialisatiotis. We invented another classification which is simpler and
covers thle specialisat iotls more accurately.
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(viii) Publications and (onfi'rences: All the publications are covered and all the
attended conferences listed. The type of publication is classified into four
different categories. viz.. refereed journals, non refereed journals.
refereed conferences. and non refereed conferences.

DATA BASE STRUCTURE

Tti STRI(LIttRF of the data base is illustrated in Figure 1. The root data set is not
indicated since its use is primarily for structural purposes and contains no actual data.
Tables I to 3 give the full specitication of these data sets together with the path
identifying information:

Figure 1. The Data Base Structure

I .lh •Y '-- I h l ,l -

M 1,111 D ,tA '
i l ' I /

\ I'u , .,t,,,, Iw ., I ,, .

DATA SECURITY

SINCF THE DATA stored in this data base is sensitive and contains particulars of each

individual stat member, it is a must to have a powerful security system. There are
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Table 1. Data Sets

Item Entr' Blocking
Sets: Type Count Capacity Length Factor

Personal M 14 1501 77 4
Univer A I 4(X) 15 201
Special M 2 250 16 W(
Qualif D 7 8(X) 5() 8
Training D 5 002 19 14
Employ D 5 8A)4 37 12
Teaching D 4 817 18 19
Experience D 3 8(X) 27 16
Assoc D 3 6201 12 31
Fields D 3 828 3 46
Public D 5 2(X) 1 33 12
Conferences D 6 2(X) 1 35 1I

Table 2. Path Identifying Information-Masger Sets

Associated
Detail Set Search Item Sort Item

Master Set Name Name Name Name

Personal Qualif ID-NO
Training ID-NO
Employ ID-NO
Teaching ID-NO
Experience ID-NO
Assoc ID-NO
Fields ID-NO
Public ID-NO
Conferences ID-NO

Univer Qualif Univ
Special Qualif Field

Training Field
Teaching Field
Fields Field
Public Field
Conferences Field
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Table 3. Path Identifying Information-Detail Sets

Associated
Search Item Sort Item Master Set

Detail Set Name Name Name Name

Qualif !ID-NO Personal
Univ Univer
Field

Training !ID-NO Personal
Field Special

Employ !ID-NO Personal
Teaching !ID-NO Personal

Field Special
Experience !ID-NO Personal
Assoc !ID-NO Personal
Fields !ID-NO Personal

Field Special
Public !ID-NO Personal

Field Special
Conferences !ID-NO Personal

Field Special

several levels of security implemented in this data base. These could be summarised
as follows:

(i) Log-on Security: The log-on procedure is protected via multiple passwords

(Three). Illegitimate access is reported to the master console operator.
These passwords are for account, user and group.

(ii) User Classes and Passwords: Each class of user is assigned a password
which identifies his capabilities, e.g. reading only, reading and writing, etc.
Each data element is given a list which identifies all the users who can read
or read and write on it. Moreover, each data set is assigned read and write
class lists which determine who can grant access to this data set.

(iii) Capability Vector: Whenever a user is entering the system, a capability
vector is initiated for him according to the password given. This vector
indicates which application programs the user can run.

ACCESSING METHODS

THERE ARE FOUR DIFFERENT WAYS to access a data entry in the data base. These are:
(i) Directed Access: In this case, the entry is accessed using its record number.

This method is used when the calling program has already determined the
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record number of the entry to he read. For example. this can arise when a
program surves a data set for entries satisfying some particular criteria
using some other access methods and saves the record numbers of the
qualified entries. then re-accesses these entries again using the saved record
ni umber.

(it) Scrial Acce's.: In this method the next sequential entry is accessed. Both
for%,ard and backward serial access is permissible. Usually this method of
accessing is used if most of the data entries are qualified. It is found that
retrieving data entry serially and copying them to some other work file to
sort and produce a report is much faster than trying to access them in an

ordered sequence directly from the data base provided that more than
about 75 percent of the entries are required.

(iii) ( ",lcnlatd.4(ce% This method can be used only in association with master
data sets b- specifying a particular search item value. This method uses an
address eeneration technique according to the following formula:

X I t- Mod (S- 1. C)

.%hcrc
.X is the primary address:
S is the search item value:
C is the capacity of the master dat; set: and

Mod is the remainder function defined as:

Mod (ai, a:) The largest positive integer of
ill- (int[,1: 1 )a -

where

int is the integral part of

To illustrate, suppose that the T'ERSONAl " data set is to be accessed to
retrieve the member whose number is 231. then the primary address is:

N It Mod (231-1. 1,O)
= I + Mod (230. 151)

I + S)- 8I.

This access method is very effective in ad hoc queries where infrequent
access of a particular member or a few sets of members occurs.

(iv) Chained Access: This method is used basically in retrieving all entries in a
detailed data set connected to a specific header in a master one. An example
is to retrieve all the courses taught by a specific member. Both forward and
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Figure 2. i)ala Access Melhods
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backward access of the chain is allowed. Figure 2 illustrates the access
methods described above.

SYSTEM CAPABILITIES

THE OLrTPUT of the staff data base consists of different types of report and answers to
ad hoc queries. In this section a description of these reports is given and explained.

(i) Summary Reports: These give summary information about different data.
The information can be obtained on department level, faculty level and
university level. Among these reports one can find a table showing the
distribution of staff members according to their nationalities.
qualifications.... etc.

(ii) Detailed Reports: These reports give detailed information concerning
different data sets, e.g.. a detailed report of all the staff members in a
particular department giving full details of each individual.

(iii) Statistical Reports: To give some statistical measures about different
parameters, e.g., a table of the mean value of the student/teacher ratio in
each course. In this case the student registration files must be accessed since
the staff data base does not contain details of the students.

(iv) Comparative Reports: To compare the information obtained from the
current year with those obtained before. Mainly, the growth rate of
different data is calculated.

(v) Ad hoc queries: These queries are used infrequently to search for a
particular individual or set of individuals that match a set of criteria, e.g.. to
find all the computer specialists who can speak German and specialized in
operating systems theory.

CONCLUSION

-THE STAFF DATA BASE is felt to be of great importance to the university. Although the
system is implemented in a small scale in the College of Engineering it is hoped to
extend it to all the colleges within the university. The fast movement and instability of
manpower in the university make this data base an essential tool for decision-making
in the planning and evaluation of the educational process.

This data base should be viewed as a part of an integrated data base system that
covers all possible management and research requirements in the field of education
in the Riyad University.,.



SECTION 8

Conference Workshop Reports

There were four parallel workshop sessions at the Conference.
These dealt with technology transfer (covering Sections 2 and 6).
national policies and infrastructures (covering Sections 3 and 4), the
implications of microelectronics for productivity and employment
(covering Section 5) and computerisation in different industrial
sectors (covering Section 7). The Chairmen were Sean P. Bedford.
R. Narasimhan, Sang Joon Hahn and Utpal K. Banerjee respec-
tively.
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TECHNOLOGY TRANSFER

(1) The domination of the industrialised countries in the technology field con-
stitutes a serious obstacle to the real transfer of technology to developing
countries.
(2) If the delivery of information for industrial development is to achieve the
goals expected of it a number of conditions must be met. The pre-requisites for
the delivery of information for industrial development must be identified- poten-
tial information users and their information needs should be identified and
categorised, and the nature of the information required for selecting relevant
technology idenified.
(3) An awareness must be created among policy makers, advisers, industrialists.
scientists and engineers, and agencies involved in industrial development of the need
for information in a variety of forms. Governments. especially, should be made
aware of the need to integrate industrial information policies in their industrial
development policies.
(4) Users of information need impartial intermediaries to assist them to identify
and evaluate appropriate sources of information, and also to assist in repackaging
information to the level of understanding of users.
(5) Developed countries should co-operate with developing countries in providing
access to advanced informatic technologies on favourable terms and conditions
and share their expertise to promote and strengthen local technological capabili-
ties in this field.
(6) In developing countries industrial extension and information services should he
developed to interface with industrial enterprises of any size and to assist them in
gaining access to data banks and other sources of technological information and
expertise.
(7) Appropriate collection and dissemination structures should be established at
the national level for data of relevance to the industrial development process.
generated both within the country and among developing countries, and a level of
informatisation appropriate to its development strategy should be defined.
(8) Developing countries should co-operate at the regional level in data collection
and industrial information policies and consider the development of common
instrumentalities to implement these programmes.
(9) They should co-operate at the regional level in the area of the acquisition of

427
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informatic hardware and software and draw on the services offered by the
international organisations.
(10) Priority should he given to orienting information services to the technology
selection process and to utilizing the services of international, regional and
non-governmental organisations for better access to information on technological
alternatives. A concentration on informatics technology would assist in this
regard.
(I I) International organisations. such as UNU. UNDP. UNES('(). UNII). and
1131. play a very important role in facilitating information transters. Such organis-
ations should emphasise and expand specific areas of their pre,cnt activitics in
order to assist developing countries in advancing towards full self-dc\ clopllcnt i
informatics technology as quickly as possible.
(12) These international organisations should in particular expand their acti\ itic,
in the areas of

(a) education and training in informatics:
(b) transfcrs of information relating to informatics.

(13) They should contribute to creating governmental awarencss of the nece,,sity
for appropriate industrial and technological information policies and infrastruc-
tures. They should include informatics amlong industrial sector, ,crved b\ their
industrial and technological data banks and scrviccs. and de\elop networking
arrangements with national structures in the Third World.
(14) They should assist in establishing national information systems supplemcnted
in due course by information transfers from other ceveloping countries and
developed countries, in that order.
(15) It would he desirable for the UN Uniiversilv to organise rescarch at the
conceptual level into the broad issue of the computer age and its implications for
developing countries.
(16 International organisations should mobilisc international rcsources for the
pro ision of co-ordinated technical assistance for the implementalion of industrial
and technological information policies and infrastructurc b\ devclopiiig coun-
tries.
(17) They should also assist deveIlopiig countries in file acq uisition of informatics
teclnologN.
(18) international non-governtental organisations engaged in the promotion of
appropriate inforniatics for the Third World should strengthen their regional
structures and support national initiatives in sensitisation of authorities, educators
and users, in the use of inforniatics.

NATIONAL POLICIES AND INFRASTRUCTURES

(I) Policies to encourage transnational conipatlies to est ablish Mianufacturing
plants in order to provide employmnt and generate exports should have regard
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to the need to ensure transfer of expertise to local employees so that an
indigenous informatics industry can develop. The alternative policy of
encouraging self-reliance bv delinking users from foreign suppliers may he ap-
propriate in certain countries.
(2) Appropriate infornatics applications must be considered. e.g. in a dcexeloping
countrN with high unemployment routine data processing which often eliminates
jobs might be inappropriate and de elopment-oriented applications such its water
management, food production and agricultural engineering might be desirable.
The problens arising in regard to producing special purpose systems using locally
produced software, and interfacing with a m11illinlulm of imported hardware, must

be addressed.
(3) Institutions and laws to control and regulate national informatics developmct
and which are appropriate for developing countries must be considered.
(4) The social impact of the introduction of advanced informatics technolog% in
dce\loping countries must be addressed.
(5 A more pressing need exists for the transfer of expertise to de\eloping
countries than for the transfer of technology. Tcchnology alone prolongs depen-
dent\ on industrialised countries and retards the use and inprox.enlent of that
technology. Measures are required to ensure that the transfer of expertise takes

(6) The extent to which institutes of higher education, including uni ersitie,. cal
function as national centres of expertise must be determined.
(7) -technical Co-operation between Developing C'ountries (T('I) shosuld be
used to meet imany informatic needs,. l)eveloping countries and UiN agencies
should consider T('l)C for tasks such as: installation, commissioning, writing
software lnd training.
(8) Case studies of informatic developnents 'Ould assist other countries in
choosing strategies for their own informatics industry.
(9)) A complete intcgrated indigenous infornatics industry is unlikely to arise in
most deCxloping countries. A more promising approach is to de\elop application
systems for spCcialisCd areas. particularl, Iihose related to dcclo(pie n itself. e.g.
in agriculture and health care.
(10) Major priorities in developing an indigenous informatics industry should
include: provision of an appropriate infrastructure. and neaisures to ensure that
the industry forms part of the national informatics plan.
(I I) In meeting the special needs of developing countries it is important to
distinguish between formal training and general education. National pamning
centres for infornatics education should be established.
(12) An applied research unit associated with a university department and making
use of postgraduate students for practical hardware/software projects could
form the nucleus of a national centre of expertise. This link between practice and
theory will help to integrate the university with the real life problems of the
developing country.
(13) Universities in developing countries must be provided with comprehensive
library and reference facilities to support informatics education. Short specialised
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courses. given by suitably qualified personnel, should also he supported.
14) Geograiphical location near dominant industrial countries makes Special

plamilunv e.sential for some developing countries, e.g. Miexico. Singapore.

THE IMPLICATIONS OF MICROELECTRONICS
FOR PRODUCTIVITY AND EMPLOYMENTr

()I hc cnm liitlelit into %%hich microelect ronic technology\ is introduced is

pt-eha toII( each dec oping country due it) differences in the suippit' ofLibotir,
".1piiuil mlk ad foreign eXChangeC and in econom11c systemIS anld t\ pex ot1

0\x CI nuiclit 1Fach cas~e miust therefore be conside1red individualls
2-' \ I c l c cionics antd infornmat ion t eehniol ogy are ii t hoinlogene&ins but hla\

Tii,iml Liceis with ditlerctit characteristics. All these aspects shouild hec iakcii flu'
icc 'in dticen a ic.for example. between component nianufactu rc. tic%\

products. and poess
(31 lilt hei incoporationl of microelectronics into certain prIodIucts is esscntial It
i itl drdle% elopeCd countries are to sur\-ive in world nlarkcts. Iliowecrci. thle decision
to introduce nmicroelect ronics into the actual production process es depends on the
characteristics and degree of ,pecialisation of each individual counlitAr.
(4) The high cost oif entering the production of microelectronic comneTCIInt andl
the risks involved suggest that almost all developing countries, should continue it)
buyv components fromt overseas.
0Fi1 [he creationl of a complete science and technolov% in frastructunre is, esscnitia!
for developing. countries ito Let onl the scieniceltechnology spiral anld this Canl 01n
be achieved by training and the acquisition of' the necessary skills.
(6) In particular. shortage of skills is a major harrier to the successful introduction
oif mnicroe lect ronlic -based technology.
(7) The in t roduct io m f inic roelectrion ics into thle in formation ,cct or and its,
supporting infrastructure in developing countries is clearly desirable. low\e~er. inl
both the agriculture and manufacturing sectors tile ease is leSs% obvious.
(8) It was igenerallv concIlded that, despite the all perasiveness of micro-
electronic, the impact onl employment would onil[\ be marginal. Trhis maN not bec
true for structural changes within emnploymnent levels and such structural changes
anid 111C adjustmlent proc.ess need to be addressed.
(9) ( )erall. the introduetion of education and training programmes inl all the
skills relevant to microelectronics, organised at the regional level and funde.d
independently of the microelectronics suppliers, is of utmost importance for the
successful assimilation of this technology by developing countries.
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COMPUTERISATION IN DIFFERENT INDUSTRIAL SECTORS

(1) The wide differences in the characteristics of decloping countries and the
heterogeneous nature of societies within any specific country preclude the making
of gcneralisations about applications before specific countr' and society case
studies are carried out.
(2) A wide variety of structural and cultural constraints-as well as economic
ones-hinder the etfective implementation of even the simplest informatic
applications. The relative cheapness of current micro-computers does not reduce
the importance of this multiplicity of non-economic constraints.
(3) The major limitation on the application rate of informatics in any size of firm

is the human factor: this is especially true in small and medium sized firms. In fact
an effective informatics policy is people oriented: one that seeks to improve
existing skills rather than displace them.
(4) This limitation rcsults in: poor systcn design, lack of aw-arenes, on the part of
line management. and lack of dedicated and co-ordinated effort b those who use
or are affected by the applications.
(5) A need exists for detailcd comnparativc case studies to examine the rate and
dynamics of industrial innovation in specific industries and for the Wide dis-
semination of results of these studies.
(6) Incremental forms of in|novation and the avoidancc of %weeping change ha e
the advantage of maximising available skills. minimising risk. and providing
financial payback even in the short-term.
(7) Sectoral studies to identify the ,kill requirements for specified technology
should be performed by a central national bod\ in each countrv.
(8) A greater emphasis is required on the managerial aspects of informatics.
(9) It is important that a sound information base be available and used for guiding
policy.
(1)) ('ase studies should be carried out to evaluate the economic usefulness of
data bases such as ISIS in specific situations in developing countries.
(II) It is important that the alternative ways of implementing computer based
applications, such as the sharing of equipment. the hiring of machine time
externally, or the installation of in-house machines. be carefull\ evaluated in
every case.
(12) Many computers. especially in the production and process fields. are under-
utilised even in very large organisations.
(13) The use of inexpensive micro-computers can bring production flexibility even
to small organisations.
(14) Computer aided design applications facilitate manufacturers in offering a
wid ,- range of products specially designed for local conditions.
(I:N Vle incorporation and use of micro-processor based devices in vehicles can
achieve both a reduction in national energy costs and encourage the development
of valuable skills.
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l 1t I'llc dc% elopmin of NialitLards 1) lar ' e or ' iiisatioiN cani iiiihlt the Ntelc(

tion ot equipment and introdUCtioli tit intformaltics sxstcnms bx hlinIiii thle choice
tit opt ions to ant appropriate Subhset.

GEINE:RAL. DISCUSSION

I1111 \sI NH I " Ofi5 ) CoiIII)L'i- Isat iti IIli different industrial sectors pI)'iCIC11l Mi

the c%-'iference paplers pros ided paticipants wvith a good tipptrtuniit% to gauge thle
ILl oit actUill IndlIstrial des elopiiint and the role that ijfoiriatics IN la Fc It

mxas concluded that there xx as no such t hinik as, ;I readsLI made11 pot4h ofIntormatic

packa,-cs that could bti ls~r ed - m trasplanted ito or dcx0)L Mlp I dn SIMtIn
diird basis InI aIn' 4d010111s e 0411eco1nAr It ",as also nIoted that there tkas tit)

standard ntchiusti (it imtpICIIiCIItIIIg iOrnIatICs, xxhiChI could Il ieeit
reconildedRIL. It %%as realised that there \%cre fIetero LCene1tic\ dex I~ eltii counriesic
wkorkiiie at ditlen les els of de.%oct witle tot somec CoultileN thle basic

neecd %%ias for sciisit isat ion before nix1 hegitiniiw '!could hle made. other countieN

had( 11-Cl xI~It al ul Ibstaiitjl l1)01 Of knIO%0cldIe ont informiatics xx hich could
ble sha~red xx ith other LL2\elopine kcoilitrics and their skill,, iid C'xpCriCIICe mIadeC

axailable.
[tie specifit icklic c cc-avid support s\"CII Mtits itch could pla\ a

role ill thle induILstrial dexelopmnti otl dexeIoping ConintrieN Nhoul11d Ile tudied Ill
depth. hearing Ii mnind that IliliiaeeInint Culture had a ecrx itiportait role ito p1la1

inl thle uise of' inforniatics. While the importanice of inriiatics Iiil e general

des eb iuic lit prV lees xx t Jiic k ii0 issIC deedC. a \%ord of ca LiI %%n as so iJI uded bx I )r
Imnrgcriarding thle distinlction bct%\xeen the mnechanisni of' intormiatics anld the

itIaII lcnic ilt ot inforniati',s. 1:i tiNl connctionl al need fot a numberIIC o1' CX aliatioti
sttudies Iii relation to dcx elopinp colilitrIics xasientified includingi in~dustrili case
studies. thle lnaicilt aspects of ;ipplxn iiintfornmatics. the cs-tet ee ot

InijCri-Comltlliter based heuristic no JIN.s naltionlal initiati eN ill thle dev~elopmentll ot
software for micro-computer based N\ St eniN. and the economic useflness o1' sonlic
of the large daltablases no%%x ax jilablC. Miitlineg packag~es like ISIS. Attetntioni \%as

drawn to the existence in India of SI-N I)( )(. at bod' spleciticall\ concerned w\ith
tlie informait tics (if si al an d tied in i- scale industries. Refe rente was imiade to the
need for a cleatrinig house wkhich could direct onIe dex eCloping coutitrx s need to
another and tryv to miatch the capablilities that hlaxe alreA' been Created in a
numitber Of dexelopirig countries, anid reCduce t10 thatl extent the depenldettee on1
developeId counltries. SIMall aind tnediunil-si/cd industries, are \erN people orienited
and for this reason it was felt that informuatics applications Ii these irtdustt-ies
should he kept at the lexel where it au 'etents skill and does not replace it,-
keeping itt view the wide varieties of development lcees atnd cultures existing in
differenit des-eloping countrnies.



D~r. IKinbel o)bserved that the discussiont onl tile imiplications o)f miicro-
ciect roteis I'r priduicti~t adenpho rv.nt reflected different schook i ri
eC4,inotilics anid that a Certain polarisation ClnrerCI~e. Ilt a ciuntrN %%here there is it
high degree of ccntralisatioir and platinic the impaict most likel% NOIlI bie differenit
from thatf ill A cout rN where the diffusion speed ()f I hsc tech iii diics is af resulIt
t tile interplax of mrarket ftorccs. Plrotcssor liraun1 inl his paper, prescutecd %% hat
hc calIILei a constellation of circumnstanes as a prerequisite for the introductionl of
it,% riex% mrantifactu rifl eqfuipmient into~ :tin c'tablished plaint protucitre anl

established prot)(U-. It xxis coinsidered that ti, s %M crx useful both tron thle
pint of iexx% (A getting onto thc learningr spiral and dso) fron thle point oif iexk otl
franlslt il te learnic process into) allpriip-iac policies. Recgardinuc thc harriers
ito the SpreaCid oft 1nIicrireleCtRonics. aieaii arid againr the shoirtage ofl skilled nian11-
pio er was considered ls ;l mnaji r barrier it thle snccessfii I tt iiduct ion 01i
oiicroclcctronic-hascdl technoloex p.An aftcnpi "~as made lt tinitout xxhether it

xould bie possible tot proceed inl a sectiiral matni through th O df tilta:e xRMN~C %huh
mnicroelctroc held for I11)(", I I0%%Cx crIt seemedCL Ito he erx dittiCUlt 10i
izencralise thle .arious findings and t1idied tire eliCiieirts c.ould [WIi be founlld oil
suich cetrecralisatinri. 11C iCIeusion l M ix to0\ re1conIcile thle ;ilI-pet ai cthess Ofi
these technrolitgies with their impact led toI Certain doubits. It %%as ;Icainl aitd agairi
suggestedl thlat, although theN arc all perx asixc e the impact o)f these technolocicN
ott enlin itretict cels scernls to be r1iiarein.1 [his ittax\ noit be true for structurial
Changes withinelo~lmerit Ix\I els arid ch strutur'achanges ari theI a(julStrirlct
process tneed to bie ad dressed.

\Mr. Peter V'ero. lItterntatiornal onipter Fducatioii arid Irforriatiin Ceritre.
f1migar\. stated thtat the C entre to xx hiChl he is attached~ %% as f 111iind as al joinlt
Ciltture of the Hungarian ( xerrnicilt arid tile I N IDex loprnerit 'roc railmil. Hie

drew% attenttion to courses orcarrisedl at thle ( ritre. for- participants from dc elir-

ping countries. inl the areas of dataI base rmaniagerierit. online s stern', distributed
sstems and programimirig languages.

D~r. Auan Rada. C entre fbr FEducation inl International Maniagemenit. (jeriexa.
felt that inl this decade the value of ill\vestnrerit inl inforriatie g~oods. includinig both
data processing and telomunctlliC~ons. wkould grow mowre-or-less by af factor of
two0 beCtweenC deveCloped anld developinlg CliUrtries arnd that therefore it wvas crucial
that developing countries react very quickl\ to this challenge. A prospective
assessment by developing, countries themselves' would be required as wvell as al surge
for a lorng-termi comparatie aidvanitage. Hec stressed the impomrt arce for all
developi ng counft ries toi stop react ing once thle t hing hfad happened arid t o start takingc
a much more prospective v iew% including the introduction of a technrologcal element
into planning. lie felt that thle dlie was already cast inl thle case of microelectronics arid
that mianyv other advanced technologies are tiow coming uip. The e\perience of
microelectronics should be taken, he added. to teli policy makers that elements of
technological pnrspectioti arid for-,casting should be included inl the planning
proicess.

Mr. John Page, International hIstitute for Applied Systems Analysis, stressed
the importance of telecommunications inl all kinds of computer technologies
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including the newer upcoming technologies. Telecommunications was one area in
which developing countries need a good deal of help, he believed, particularly in
regard to the costs of international networking.

Dr. Gopal Gupta. Asian Institute of Technology, Bangkok, drew attention to
the number of conferences on informatics which have been held in various parts
of the world and to the wide range of international organisations concerned in
some way or other with this matter. He detected a striking degree of repetition in
the recommendations emanating from all these sources. He felt that more action
was now needed and emphasised that educational training programmes should be
accorded top priority in order that developing countries would be in a position to
decide for themselves in relation to major informatic questions.

Mr. Sean Cooney. Irish Agricultural Institute, believed that society may be
"living on a volcano" and that an important question was whether informatics will
be effective as a means for transferring information on new technology and for
promoting economic growth or whether fundamentally new insights are required
in this area.

ij



SECTION 9

Conference Concluding Addresses

Dr. Abdel Rahman

M first observation relates to the overall situation in the adxanced countries as
regards the subject matter of our conference. I think in the leading advanced
countries there is ery intensive interest in, and support for. the development of
microelectronics and its application in different forms. This intensive interest is
almost taking a competitive form between the leading countries. United States.
Japan. Germany. U.K. and others. There have been otlicial announcements that
this is heralding a major change. not only in technology but also in society as a
whole. We are reading and hearing every day statements, very imaginative and
spcculati,,e. maybe rather optimistic. of the importance of the subject ot in-
formation. We are being told that we are becoming an information-rich society
with certain forms. So we cannot really neglect all these indications. There are
indications bv business, and by heads of government. by presidents of republics. It
cannot really be overlooked so easily. The business community is moving into an
expanding volume of advances in the technology, expansion in sales, and it is a
feverish situation.

In this conference we never mentioned the military basis of this matter and I
think it cannot be overlooked. In connection with the militar% applications and
the intensive military work, a lot of hardware and software has been developed I
do not know if from this military side there is a spin off to the non-military side.
but definitelv the involvement of military or para-militarv applications in this
regard is quite important.

As has been pointed out in the discussion, the conjunction between micro-
processors and telecommunications as a whole widens the subject of informatics
to include information transmittable through the communications system, and this
rather intensive work in the leading advanced countries is also accompanied, as
we know. by very intensive work in three or four areas of scientific advance.
Biology is one of them. Molecular biology, genetic engineering, a deeper under-
standing of the biological processes in different forms including the transmission
of information for genetic control and growth, these seem to be cquall\ under
%cry intensive development.

We can add to biology and micro-processors one or two other areas.
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including those relating ito cnergN and pet r chemreials. 1tere ire pco ple %%h
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is something miore or less similar to what happened fin the last quarter (it the
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Emerging Problem.

I he second remnark i,, that these sanre dd anII.ci LOWIMirtre 111 .1 AIre rAiNitie 1p.
InI this big11 scientific and techrioloeicarl rescrLntiort Ire thtennisels III k1111ffi1111

positions [IheN has e inflatlion. MiiriC ivriient1M badlnCe Of p ite its fntnilTIes
aiid uirban disaster atreas. 1-hes dio not sen to he so g-ood nilot uh le ilte tllre
Most aldsanced. A,, at matter of fact the porlicies wxhieh atre errtr~iLiL tr cii theseL
leadin.2 countries row ire poliiis Of tradLk jTI CretirnirisIrt tid ItI ItIerI teeesIs C1 \
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rest. at different levels. Therefore any reference to the developing countries would
have to take into consideration their diversified nature and situation.

Yet, when we come to the developing countries as users of technology.
we find that, for example, all the developing countries are now using
the technology of aviation. They are not producers of aeroplanes but they are
users of aeroplanes. They are n,! producers of cars but they are users of cars.
which means that the technology. especially what they call the universally
spreading technology, of transport. communication ind other facilities, does
spread although the manufacturing capacity does not spread equally. This
diterentiation between the spreading of utilisation and the spreading of manufac-
ture is not only limited to the developing countries. Amongst the advanced
countries themselves, which are making aeroplanes? Two or three countries only
are making them. Many advanced countries are not making aeroplanes. which
means that there is a concentration in production facilities in contrast to the
spreading of utilisation within the group of advanced countries, let alone the
group of developing countries.

The spread of industry

Now, let us look at ihe second part of the subject of this conference: will
industry spread with the utilisation o. the technology? Will the manufacturing
capacity of components or parts related to telecommunication. to the hardware, to
the software, to microelectronics as a whole, spread and to what degree should it
spread to the developing countries froni thL big centres where production is more
and more being concentrated? We know that the spreading of utilisation is done
by Asians who are not exactly the sa1e Asians who would be etective in the
spreading of manufacture. The role of telecomunication has been actually
mentioned in some of the discussions of the workshops. This is point number
three: the differentiation between the spreading of manufacture and spreading of

utilisation. We have very clear current examples of past technologies and we
should not really be worrying very much if the spreading of utilisation is much
faster than the spreading of manufacture, as has happened in niany other
technologies.

Yet there is some hope here, and this is point number four. that in the case of
microelectronics and allied activities, there may be a shift, though a relative shift.
towards decentralised production units. This has been rientioned. Would this new
technology be favourable to the economic functioning of smaller units. small and
medium industries or decentralised industries ' . Or cven applications in rural
districts on a small scale, because you are adding precision and skill through the
machine and through the system. and not necessarily losing economic viabilitv
through the siue of the average cost of unit service. I think for the developing
countries, as also for the advanced countries, this application of bringing the
ability to smaller and medium industries and to smaller and niediurn countries.
would be a very important point to follow aiid to examine. As a niatler of fact. we
have witnessed recently. in the last ten vears. that from the nianagenieit pioint (f



view sonic large industrial concet ns and large busine-ss concerns find it imore
profhitable toi break d.own into unit,, rather than nmanage one big comnplex
There fore this quest io n o f dcenit ralisatin arid snmaller ni anage mint unin,, co ulId
really he quite imiportant when we speak about the spircaiiwng of the tcchri lotx
andt its uses ito the c eloping countries anid to the less dcx eloped anionic the
inidustrial countries.

The role of software

NIN, fifth point is related ito the question of s ift mare. There are thiree
legs. so ito speak. of the suilject we are speaking aibout tile 1iarware anid thle
software and telecommunications as has been pointed out during tile co n-
ference. These are thie three legs onl which the 'subject StIrids. II tile dlc\x ([)f e Vpn
countries teleconimiinieatioiis itself is att thle lowker level and this is aI disada angaLe.
wahile ini the adx arred countrvies thle telecoiiininications s\stem,. both bh\x %ire.
wkireless and such like and other mneans of communications, is alreadx there. So
x\on caii surpcerimtnpose ani in fo rnia tion svst ciii (in tp of it ver% easil,6 and transtnit
intorinaton front one place to another, Tbis is one leg. '[hle second lE! is the
hardl are. and xa e knowx that the hardware is riiade tip of core units, and peripheral
Liiits. It seems that thle discussions havec indicated that the dec lopiing counrtries
niav have at chiancre. as- regards the peripheral units but n10ibOLdx has adx ised that
tie develo pinog couiniitries cart coimpete With J1apan iind Silio heniill c\ in riC~liirii 
in t rig to produce chips. So apart fronti the chips arid sonle key questionrs, there
1% a li ppi rt i A hich hias been mite nit ionied. fior the dcx ch pinrg couin tries ili

regard ito the peripheral auxi liar - units connected with thie hardware. But when
we come to the third leg. the software. I think exver 'vhodx., more or less. in this
(Cinfe renrce has agreed that the dexvelo pi ng co uniitries h a a c a chianrce,. r it( iax be
the iriil Iehare: they have somec good pruispects iii the area of suit ware
decc i piriCnt. Sioft ware dcxcIi pmnir it requLi res. as, htas beii said. bo t h t ra i n inrg irn a
speciftie senrse antid eiducat io n an gilrenrera IeultuiiralI in frastruetunrc as aii hle. 'ii is
couli d be ait majo r poic Ic pinit fior the dcxc lopinig co unit ri es, thle qu estio (it'i
trainiiig atid building (it centres aiid all that is related to software: cspecialix thle
soft ware related to dIcccii tral ised uiiiits anrd sumall producrt io n un iits a ndl Io tile

IIiiii-COPiiipnr which arc likely to be miiire arreriable for dist ributioit arid
availability iii the de velopirig countries.

Fxonomic implications

Piiint rnumiber si\ ciixers the questiiir (if tine econioiiic itniplicatiiiiis of' all of
this. 'There is a general view that the ccinrniic imiiplicatiiins were worked out b\x
Ricardo more than rune hundred anid liftN years ago. t hat annu replace file xa orkcr
by the machine and this Creates uncinplovnnrt. We k mow that this has, happened
but. run the other hand there has been greaCtr production and 'greater utihisation ofi
woirkers. Sii there is aI displacement oif wvorkers. xes,. t this displacerrnt oif
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workers is not an absolute one: it is a partial one and with general economic
growth and general employment growth the displacement could be easily ab-
sorbed, noting that in the early nineteenth century we are speaking about a
population of the world which was I0 per cent of the present population. There-
fore in the short term, there may be labour problems but noting the historical
experience and also some of the economic analysis which has been put forward
here, it does not seem that microelectronics, in the developing countries, is going
to be a serious problem as regards unemployment and this has been put in the
conclusions of one of the workshops and also mentioned by others. It may be that
in the advanced countries there are more sensitivities because the labour move-
ment is rather alert, and they may use this as a bargaining point, but. as I said in
my previous address, it seems that the labour movement so far is living cautiousIl
with the question of microelectronic developments. They have not taken up a
ight against it, they are just keeping quiet about it to a certain extent.

But the economic implications not only relate to the question of employment:
there is the question of production and productivity. If productivity could in-
crease, that in itself is of great economic importance. Productivity may increase
through the precision that would be introduced in the functions of production and
industrial control by the new equipment and the new techniques of information
which may replace the partial skills of the workers by more perfect skills of the
machine in certain key functions. This is what they call the relation between skill
and pertforniance. Skill and performance in the %ery key functions in industry have
been traditionally built on key workers, but now. gradually. you can get some
machines to do this in a faster and more precise manner and hence the skill
required in numbers may be less and you would have to change the skill pattern
of employnent at the higher level.

Attitudes to information

But again economics would not stop at the question of the skill. I refer to
something which I do not think has been discussed in the conference, and this is
point number seven, the relation between information and attitude. The
availability of larger amounts of information is supposed to produce a change of
attitude in those who are receiving or taking part in the information, and this
information/attitude interdependence may eventually be the most important
consequence of microelectronics and not the machines that play around in front of
you. This means that there may be direct implications, both economic and social.
to microelectronics but I would dare to say that the indirect implications are going
to be much larger. The indirect ones relate to what generally has been heralded as
a new society. If we take the transformation trom steam to electricity up to the
internal combustion engine in the last century. the transformation was not only a
matter of engineering efficiency, it was a complete change of society, which was
depending on the stean engine and the railway, to a society which gradually
became dependent on the motor car. The direct implication is the comparison
between the motor car and the loconotive. which is a very small thing compared
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with the change between the society of the motor car which was created in the
following fifty years or so, and the society of the railway engine.

These are the indirect implications which are more important eventually and
go beyond the mere comparison between the two technologies of steam and the
technology of diesel engines or electricity. It has been said that the tertiary sector
in the econony of the advanced countries is now being split into two sectors. We
know that economists are fond of speaking about the primary sector which is
agriculture, the secondary sector which is transformation industry, and the tertiary
sector which they used to call services. Now in the modern analysis, this services
sector is divided into two: what you might call normal services and information as
a fourth sector. There are analyses in the US and elsewhere to show that this
information sector now represents forty to tifty per cent of the GNP of these
countries. These still are concepts. but what concerns me here is to say that it should
not be taken, the growth of the third or fourth sector in the economies of the
advanced countries, that this is what the developing countries want. Because the
third sector in the developing countries is really a redundancy sector. It is not an
activity sector. Most of the small traders and shopkeepers and hawkers and the
household services and all of this are put. technically. in the third sector in the
developing countries. So in the developing countries there would still be nced to
develop a transformation from agriculture to industry in relative and absolute terms
before we can speak about the advantage in having a fourth sector, like in the case of
the developed countries.

The information revolution

It may be that, as has been said. and this is the next point. number eight. that
the advanced countries are coming into a new' industrial revolution in which
information, and everything rclated to information, would be the predominant
feature. This is the second or the new industrial revolution. We know% verv littlc
about it. But let us speak about something we know a little better, which is tile
first industrial revolution of the last century. The industrial revolution at that
time, a hundred years ago. spread from the U.K. to Europe and later to the 19.S..
Japan and the Soviet Union, and this became the industrial revolution. Un-
fortunately with that industrial revolution of the last century, colonialism turned
from a lower stage into a more intensified stage and the big empires and the great
colonial structures were actually supported by the tirst industrial revolution.
Later, through the industrial structures that developed in the advanced countries.
more humane developments, which we call in general socialism, developed within
the industrial structures and therefore we could say that the industrial revolution
of the nineteenth century intensified colonialism and imperialism first and later
gave birth to socialism arnd humanism in general. Now, are we going to have a
second industrial revolution which would intensify new forms of imperialisii? Or
better forms? I would hope, and this is only a hope. and a speculation, that
whatever you call it. this huge advance in technology in several fields not only
microelectronics, would intensify and deepen the sense of interdependence
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between parts of the world, between countries rather than domination and would
eventually lead to some kind of prosperity and rationalism in the world of
management rather than the hectic. wasteful attitude,, which we have now, even
as advanced countries, towards natural resources and the environment. So we
should say we hope for greater interdependence and greater possibilities of peace
and prosperity rather than imperialism and eventual fight for socialism.

Human aspects of informatics

NI ninth lpont is to speak about the human aspect. I think the human aspect
has been touched on in the discussions of this conference and some of the
workshops but we should really not lea\ c this place considering that we are
speaking about machines. I think we are still speaking about human beings, not
only the human beings handling the machines but the human beings feeding the
machines with information and the hunman beings receiving the information and
reacting to it. And the effects, as I say. looking beyond the machine., beyond the
technology to the wider social implications, may take another ten. twentv or thirty
cars to appear, It has happened before in previous ways. so I think, keeping in

mind the humanistic attitude Itowards this question. that naybe the policies which
the devcloping countries, and also the developed ones. envisage will lead to a
beinex olent and useful attitude.

My last remark relates to the conference. This is a meeting of talking. not a
meeting of action. None of us has a decision-making process in his pocket to put
on the table. If one wants to look to action one should look for action where the
decision-makers are. This conference is an exchange of information which should
bc useful to everybody who takes part in it. If you want action you should go to
the decision-makers and see. if you are one of them or in contact with them. that
they take the proper decisions, and the talking which we do here would be helpful
in building up their minds for decision and action. Therefore in this respect. I
consider this conference has been a useful exercise and a very pleasant one for
which we thank the sponsors.

Mr. Didier lecerf. ITM

I have three suggestions. The first one is a very humble one. It is about a
newsletter. This was suggested by a meeting we had a couple of days ago and I
strongly believe that a link should be created between all those who attended this
conference, who provided such bright and useful material and intellectual con-
tributions. These contributions have to be a continuous stream to be offered both
to governments and to international organisations such as IBI and those of the
UN system, in the first instance to UNIDO with its special responsibilities
regarding industrial development. And also, of course to UNESCO. UNDP. and
other organisations at regional level. I believe that this collective effort has to start
with the individuals who want to offer their capacities and their exilerience. There
have been many people here of different walks of life and they have all
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contributed extremely useful papers and I would suggest that this newsletter be
fed by contributions and articles that you would write and we could assemble this
and I believe that Professor Foster, who has acted as a marvellous conductor of
the orchestra of this meeting. could perhaps continue in this function and I believe
that this material could be assembled and put together in consultation with a
network of senior oticials responsible for informatics policies and also of those
responsible for industrial development policies, so as to prepare the publication of
a white paper. a white paper giving the views of responsible people from
developing countries on such key issues as the computerisation of production
processes which is going to be one of the key issues for the eighties. I believe
strongly that, as pointed out by Professor Bernasconi at the first SPIN Con-
ference, that those countries who missed the industrial revolution in the past. are
now the underdeveloped countries, and that those countries who miss the
telematics revolution will be the underdeveloped countries of the future, and this
should be avoided by all means. Therefore TCDC has a special function in the
sharing of expertise and in increasing the spin-off of any experience. any
advance, in view of the extreme inequality in the present distribution of the
commu .ication and information means between North and South. I beliexe that
this white paper could he prepared by you with y'our contribution, with the
leadership of a few words and I would suggest that I should be getting Professor
Foster. and also perhaps Mr. Bouarfa and Mr. Mahdi ElMandjra who expressed
readiness to contribute to streamlining and organising this material. I believe that
this could help in the preparations for the SPIN ii Conference, for which
ElMandjra and Mustapha Bouarfa are already serving IB's preparations. But the
precondition for this. an essential one. perhaps the only one. is that each of you
should continue to feed into both a newsletter and the white paper material, a
continuous stream of contributions, such intellectual contributions as you have
made here and this in conjunction with other experts who were unable to attend
this conference.

My second proposal is very simple. I call it "'UNispin'. I.et us have this
immense reservoir of expertise as an instrument at the disposal of LINIDO. of
IBI. as well as of government, to provide independent advisory services to
governments, with particular reference to the policies of the informatisation Of
industries. I think developing countries have stressed time and again their strong
desire to have independent advisory services in the scnse that they should be
unbiased and therefore independent from the manufacturers. And since stich
advisory services should be professional ser Tes. they should also be provided in
a professional structure which could be a sort of multinational endeamour, a
multinational structure. The function of UNispin could be to provide advisor%
services independently and also to facilitate joint ventures for innoxatiC ap-
plication systems for utilisation and even for manufacturing of novcl and in-
novative application systems. Perhaps this could contribute to the elaboration of
an international strategy on a worldwide scale.

I believe, and this is my last proposal, that incentives are needed to
encourage innovation capacities in developing countries to combine with similar
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innovation capacity in industrialised countries. Therefore we believe that the
communication function of the network structure should be emphasised in a
variety of ways. One of the ways is to facilitate the combination of external
assistance flows and this is what we are trying to do in action, trying to channel
additional resources to those projects which have the support of UNIDO or 1BI
and by so doing remove barriers to the mechanism of external aid. In this wa% we
can continue to act as a catalyst. For example, if a project for a micro-informatics
club is presented at the Common Market Commission for financing, if this is
presented by a NGO. non-associated countries as well as associated have equal
footing for access to this financing. I believe that a network of micro-informatics
clubs, telecommunicating micro-informatics clubs, can be an initial tep for a
number of initiatives and among those initiatives there should bc room for. sa.,
production and exchange of audio-visual sensitisation materials such as the film
ITM has prepared just for the purpose of making suggestions for follow-up action.
This can be an initiative of a common endeavour of Third World countries and
this can be done in such a way that all revenue raised by the sensitisation
campaigns of the governments comes back to the developing countrie,,. "lhis is the
first incentive. The second incentive, as we thought in consultation with the
various agencies. can be tiscal immunity and liberty of transfers for such re% enues.
I call for initiative and further action b. developing countries in developing for
themselves it network of workshops for manufacturing such materials; also in
developing skills for maintenance centres.

Mr. F. Piera Gomez. IB

As the tirst conference to deal with the subject of the use of informatics in
industry and the informatics industry itself in the widest possible sense, it has been
very important to us who have been following it very carefully, and watching hom%
the dilerent issues were being raised. I can identify three factors that were put
forward: (1) the innovation factor. (2) the information factor. (3) the human
factor. These three elements I can assure you will be picked up carefully and
studied in future activities. But the merit of this conference has been to raise the
series of issues aftecting the use and applications of informatics. These issues now
need further in-depth research. This conference has covered two subsets of it
larger objective. namely the inforrnatisation of emerging nations. And it is going
to be one of the principal inputs to the preparation of the Second Inter-
governmental Conference on the Strategies and Policies for Informatics in 1983.
IBI. of course. proposes not to stop here, but to continue. AlreadN in this area we
have been working for several years through one of our working groups. And we
propose to continue in this area. What the exact programme of follow-up will be
is yet to be designed, but one which we intend to examine in October will be
the meeting of the IDUSPIN which will deal with the problems related to the
topics of this conference. We look forward very much to co-operation with other
international organisations in this field and even if we agree with previous
speakers that there is an epidemic of international conferences, at the same time
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this is because everyonie wants this type of disease because people like cot I-
munication and want ito speak to each other: it is the only way ito keep up ito date
onl the evolution both of thinking and of technology.

Dr. G.S. Gouri, UNIIX)

We in UNIDO) have already been influenced and alleeted iw the delineation oft a
number oif very interesting problems, and I think that Dr. Abdel Rahnman hla,,
outlined sonic ten major areas of which probably we would touch o1) four Or fine.
It hats been emphasised in the conference that the strategies and policies are the
key and perhaps it is here that ways aind. means of elarii the ,tritievies and
policies for the developing eountries and wva\s and mecans of sniinethe
decision makers are really verv Important. In this process we wkoul enldeasour
very much to concentrate onl a numiber of recommendations. particulark recoin-
m'len dat ions relating to applications. ex perie nces in appl icat ions. cros ts-iina i
studies. so that one would be able to know% more about thle intcrfacc that is
already with us.

It is our intention in UNIDO) to approach von indixidual liland collctis el
part ici pate inr our entde avou . We wvould( also search for thle trail lat im n t1 the
concept that hats been indicated here. n~aTIels how\ do weC approach tilie sM l0 'l
subject of nitero-eleetronies. or infoiniatics. ats at tool for dceCntlalkitionl \*hatl
are the packages? Do we have themll.) ('anl we develop themII and then take thcnm
and see how IThY Carl bec applied.? i would also beC useful ito InAc in ai.I" i of
w~hat the actual training programmeis look like, heginniiie at the secondar\ Iecl
anid leading uip to thle specialised lesel. 11o,% can the\ bec adilsed. It at Comm\r
\\ ants ito do somethinig canl we have at reterenlce ito all this material and sonlic
evaluation? I think this is at tas,,k which is well worthwhile undertaking.
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